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PREFACE TO THE SECOND EDITION. 


In th(3 preparation of the now edition of tlim book :ui attempt Hm'- 
been made to bring the information up to date hy irn'lndiii'i liu' 
results of recent research and invention, while at the >,!nie tiim' 
retaining the features of tlie (irst edition. 

Since the publication of the first edition ap iinmeiipfi ameont of 
purely Bciontific rcHcareh work lias been earin d out winch is lioyonO 
the scope Of the presenl volume. Koi tnnalely, liowover, theie i' 
the less reason to include on lU'eoiint of tins work iii.isinuch as tlie 
purely scientific aspeci of the subject has boon ably dealt with in 
Gulliver's Metallic Alloys and Desoh’s Meiol(oiirni)liy. 

The necessity for a now’ edition appeals to justify tho antlior’s 
belief tliat there is some dcmaiui lor a bo(ik which do.ds with tlie 
practical Mde of sciontilic researcli. and winch i ndca\niirs*to tian- 
late the lesiilts of sucli reseaich and icndn ihcm inloNi^iblc Id 
the practical man 

The author is again indobted to many friends for \a!nab!r 
assistance. For many of t.lic iHustialions he has (o i li.mk .Messis 
Zeiss, Iteiclicrt, The Morgan (Irucible Co, The f.ondoii Mmer\ 
Works, Aildavs Onions, and the Piesido'nt and Counni of the 
Iron and Steel Institute. I,astly, he wishes to th.tnk those 
friendly critics who have made siiaLn''-tions for the improvement 
of the liook. Snell sugm'sitons h.i\i' been adopi.d wJn’icver it 
was jiossiblo to do so without alteiing the cli.iimict and si^.'pf 
of the vnhmio. 

E. F. L. 

Maki uvn Fa ’/-(/./; lai l. 


PUBhlSllllRS’ NOTE TO TlllliD.flDITloN. 

Tuk war has deiiioiistiated the iiiiinciisf \,d'ic ui Miiaiiiiu' 
lavsearcli transluti'il into piactnaa‘md tln^ I'ouL, wnh utlu’i' of 
our “ Keeeiit. Kesiairch llandliyoks,' li.is piiocd nf ^icat 'ei M( c, 
•SO that the edition li.ts lieen e\li,iusli‘tl 'oddciiK, ,iiid ili(‘ .mtlioi 
IS too niyndi oeeupiiM (o make re\ isioii, .uid this icpi lui is i"tn d 
'/«>/ l!il7. 

[HtiirniUd 101 Fi'iiith j 




PREFACE TO TUE FIRST EDITlOf^. 


Ii' is now 11" (tlv sovdi yi' irs siiir-i* flir lit" Sir AVitliaiii (! initi'Mls- 
Alisten ;iski;ii I li" ,uiflK>r nf (liis I ir.il i -(> liu v.as .it l lial I ini" Ins 
asKislant) In Imlp inin in lli" jn"pai:i(n-n of a hook on Alloys 
(Jiifortuiiatoly Ih'A woikwas n"\"t Inr hcinrH it had 

:id\an"(‘(| hcvontl ihe |ii"lnnni:itv'-laui's. Ilio illii"ss lioin wliioli 
Sir William had heon snth'i mil; I"i inmalcd fa!ally, and (hr scirii"" 
of im-lallurL'^v lost ils most hiilh.nil i.ajiDiimt Aiiil so it is that, 
to til" of all liH adiiiii")'', tln i" is no com|>U‘li"iis!Vi‘ tmatis" 

on til" siih]"cb ol allovs h\ I he man who m;ide it a. IiIoIoiil; stiuly, 
and who did morn than any other to rais" it to the important 
jiosition which it occupies at the [nesent time. It was ut tir'-t 
hoped that tlm woik mm lit he com pi ted, hut the awiilahle material 
was insulhcimit ami too diseomicetcd to be suit a hie h>r t he pin poses 
of a tuKtdiook, and the inoject had to lie ahaiuhmed Snhsi'ipiently, 
at the rcipiOst of tlm imhlishors, tlie author imdei look'to vviit" a 
hook on Alloys to till tli" uap in their MelalljU'Loeal Series 

Ourinir the last few co.nsan enormous amount of reseaieli work 
lias heeii earned out with the olueet of deternnniiivr l^ie nature 
and physical properties ol allo}-', and mueh vahialil" luloimalion 
has been aeeumiilated. 'J'lns infoimatioii, winch dmls nmnily 
witfi the sini['le alloys of two metals, is seatteiid tlnotmlioiii 
the miinerous pcriodieals and pulilieatioiis iii \\|iicli tlie oimmal 
COinnuinicalions have appi'areil, and up to tlm [ueseiil no attempt 
han hiicii made to collect- the t»ets or*to apply them to tlie inoie 
complex oonimurcial alloys. 

Moreover, mueh of Ihe work*is of a purely soientitii' iiatiin', and 
written in a sUiewlneh is haidl\ caleiil.ited to .ipp'.d to thosi* 
who are not in close toiieli with recent ail \ aimes m plp\>ieal seiemas 
The miunifaetnier, for e\um[ile,^ma\ he leadiK ■ veiisc'l foj 
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[levitating to plunge into the intricacios of solid solutions, hyper- 
futectics, solulua curves, and phuaea. In this volume, therefore, 
an attompt'haa been made, first, to siunraariso the existing atate 
'of our knowledge of mixed metals, paying special attention to 
the general principles and essential facts while omitting all 
unimportant d'tails, and s/'coiidly, to apply that knowledge to 
the industrial idloys in everyday use. An attempt has also been 
made to present thd subject ni such a manner that it will be 
intelligible not only to the student but also to the manufacturer 
and the engineer, for whom, indeed, the volume is primarily 
intended. 

The complete free/.ing point curves and the photo-micrografihs 
have lieon made a sjieeial feature of the book, and it is Imped that 
thev will piu\r useful. The freezmg-point curves have been 
eiitireiv ;ei)l"ttrd to one uniform scale, so that they are strictly 
coinparabl.', while the photogiaphs, witli one or two exceptions, 
are taken fioin samples of commercial alloys and not from small 
samjilcs maile m tlie laboratory It wilt also be noticed that the 
magiiitieations em|doyiid are m most cases 100 and 1000 diamutei's 
respectively. Kxpeiience has shown that these magiiilic.ition8 
fdllil all that is m et ssary m the great majority of cases, Imt the 
impoiiaiit point is that the magnilicaiiou should always be the 
same, BO tliat the mind may easily and instinctively compare the 
size of gram, constituents, flaws, etc. The importance of this is 
not sutheiently a[>preciated, and it would be well if authors woiilil 
adlilre, an lar .us possible, to certain standard magnilicatioiis. 

The colour photographs reproduced in Urn frontiftpieco, illustrat¬ 
ing the boat tinldig of alloys, were taken by the author on Lmniko 
aiitochrome plat's, and were the tirst examples of the practical 
application of colour photography to metallography. 

The author 'lesires Ui express his gratitude to many friends for 
kind assistance, piore esiieeially to Mr R. Ligerwall of the Phosphor 
Rronze Compaii\, .ml Mr Parsons*()f the MangancHo ihonze and 
llrii-ss Company, who have ■kindly t upplied him with samples and 
information; Mr A, .1. Williams, who has supplied samples of 
magiiulium alloys, and Messrs C;trl Zeiss and W. Watson, wtio 
have supplied the illustrations of plioto-niicrographic apparatus. 
To Mr J. M. lilikesley the author is indebted for many useful 
isiiggostions and kind help in reading and correcting the proofs. 



PREFACE TO THE FIRST EDITION. 


II 


Lastly, tho author thankfully acknowledges hia great indebted¬ 
ness to his friend the late Mr l^cnnett H. Brough, whose technical 
and literary skill and large experience were ever available in a?l 
matters in which counsel was sought. In the press of his owg 
exceptionally busy life he always found time to help, and wngrudg- 
ittgly of his wide knowledge. TJiis generous assistance 
and unfailing kindness will ever remain the pleasantest memory 
connected with the pieparatiun of this voluiiio. 

EDWARD F. LAW. 

January 100S>, 
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ALLOYS. 


GIIAP'l'Jill t, 

INTRODUCTION. 

TneiiE has! been,some ditrorenco of opinion as to the origin of the 
wofd alloy, blit accoriling to Roberts-Austeii it is derived from the 
Datiji word alligo (od 0;/n), “to bind to,” and refers to tho union 
*or;binding together of the metals constitutiii,g the alloy. 

.brum the earliest limes alloys were produced accidentally by 
,tho simultaneous reduction of mixtures of metallic ores, but there 
IS little doubt that tlic first inotais to bo intentionally alloyed 
Irtire tho precious metals, and more especially gold, and it is 
■^haliy certain that these attenipts to, alloy the precious metal 
ol a fraudulent character, and carried out with tho object of ‘ 
ijprbduoing a metal which might bo substituted for tlie pure metal. 

long those fraudulent but suoees.sful practices wore caiTieil 
,9ft Without any adequate means of detection it is impossible to 
•|hji^but they received tlieir first check when Archimedes con- 
the brilliant idea that ail bodies when immersed in water 
l^usir.^isplaee their own volume of water irrespective of their 
and that their weights in water would bo less than their 
j^f^htsdn air by tlie weight of tho wateisthns displaced. From 
Sw-ho argued that if gold werJ alloyed with another metal its 
Iji^O# could be detected by determining the displacement in- 
A the story of his dotation of the addition of an alloy 
[Old used in making the king’s crown is too well known to 
jietition. 

tjflftyiiig of gold and silver plays s prominent part through- 
“^tftire faistorv of the inetali^ and this •probably aocouuta.. 
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for the fact that the word alloy, as ordinarily used in the English 
language, sigtiilies a depreciation or lowering of value* Thus we 
frequently read of “unalloyed pleasure” and “unalloye.d happi¬ 
ness,” and the definition of the word in some dictionaries is “to 
add base metal.” To the metallurgist, however, the word conveys 
a very different meaning, and the oliject he aims at in alloying 
metals is to produce a new metj-l whose properties shall be superior 
to those of the metals of which it is composed. 

Probably the most satisfactory definition of an alloy is that 
which describes it as “a ini.\tuio of two or more metallic sub¬ 
stances which, after melting. <l(>es not sojiarare into two distinct 
layers.” But conimcrcuil enterprise refuses to bo bound by 
definitions, and so we find coniinercial alloys which on cooling 
do separate into layers, if special pi'ecautions arc not taken to 
prevent them doing so , and as the nliject of this volume is to deal 
wifcli the coiniiiercial alloy.') we musl perforce lind a definition 
which will iiiehide them, For tins ptirj>o.'<e, then, we will dcHno 
an alloy a,s “a colicienl metallic m.iss produced by the intimate 
mixture, whether by fusion or otlieiwiM', of two or more metals 
or metallic subsUinccs.” By the addition of the words “metallic 
sulistances” the definition may be made to iiK-lmie tiiose alloys of 
the type of phosphor-copper which are really alloys of a metal 
with a definite compotuid {such as [jhosphide of copper) whose 
appear^nee and projieiLies may he reganled as metallic. 

fl'he importance of the study of metallic alloys is evident when 
wo consider the exCtnt to \\liich they are cinployed and the com¬ 
paratively limited uses of metals in the pure state. Iron, for 
example, iu tl^ jiurc state has u tensile strength of only 16 tons 
per sq. in., and even the use of wrought iron, which is the purwt 
oommercial form of iron, is comparatively insignificant compared 
with the use of steel, which must l>e regarded os an iron alloy. Ijl| 
is true that copper in a«pure state is employed for a number of 
purposes, but the amount of^p^e copper used is only a fraction' 
of the copper used in the form of bronxe, brass, German eilyer;; 
and a number of other coppy alloys, (iold and eilret arp 
practically never employed in an unalloyed condition., 
zinc, tin, nickel, and aluminium are all used to {^certain extent iw. 
the pure state, but their alloys account for a very largo proportioid 
of the annual con^mption of these rnetuls. 
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Preparation of Alloys.—In addition to the obvious method of 
iHeltSng Jtogether the component metals, alloys may be prepared 
in severaj other ways. Some of these are of purely theoretical 
interest, while others have been, and are still, used commercially. 
The methods of preparation may be regarded as six in number:— 

(1) By sublimation or condensation of metallic vapours. 

. (2) By compression. 

(3) By diffusion. 

(4) By olcfitro-dcposition 

(6) By the simultiincoiift rednolion of two or more niotals. 

(6) By simple melting of tlie constitueut motals. 

(1) Sublimation or Condensation of Vapour. -'I hc formation 
of alloys by condensation of metallic vapour is rare, hut such oases 
have been observed to occur in furnace pnKlucts, and it is probable 
that certain alloy.s which are foun<l m the native state have been 
formed in thi.s way By tlm decomposition of mixtures of the car¬ 
bonyls of iron and nickel, alloys of these metals may be produced. 

Alloys may also he formed hy the action of the vapour of one 
mpUl ujxm another. Thus cop[)er exposed to the action of zinc 
vapour is rapi<lly convcrte(I into brass. An example of the 
practical application of this property in eoimiier<aal puiposcs is 
to be found in (ho sne.illc(.l ‘•ilry gahani.shig’’ jirocess known as 
Sherardising. In this process the zme vapour alloys with the 
iron or steel and forms a piu-fectly adliereiit coating. 

(2) Compression.— In 1H7S Spring .showed that if metals ia a 
finely divided state are subjected to pro.ssiire tfio particles unite to 
form a solid mass, as though they Imd been melted, although the 
ftCUial rise in temperature, due to tlie increase of pressure, is 
•inconsiderable. The pressure required to cause particles of metals 
to unite in this way depends upon the nature of the metal, but 
the. following figures have been determined for sex oral of the 
'iseBiihoft metals 

Lead unites (tj 13 tons per S(j. in. 

Tin „ 19 „ 

Zinc „ • 38 „ „ 

Antimony „ 38 „ „ 

Aluminium „ 38 „ „ 

Bismuth „ 38 „ „ 

Copper „ 3^* „ • „ 
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With iDcreasing pressure the metals can bo forced thrbugli. a 
hole in the base of the compression chamber in the form of wire, 
Ib the case of lead and tin the pressures required to effect this ar4r 
33 and 47 tons per sq. in. respectively. 

If now, instead of compressing simple metallic powders, mixture 
of different nietals are subjected to the same treatment it should 
be possible to produce alloys, and Spring showed that this is 
•actually the case and that true alloys are bo formed. Thus-a 
miiture of bisinulh, lead, (in, and eadiuiinn in the proportions of 
15, 3, 4, and ]>arts respeet.ively gave a fusible alloy whiiJh melted 
at 98“, a teiiipcrat ure no less tlian Lut" lower than the melting- 
point of tlie mo.sL i'li^ible of the cunslitueiils, (in, which molts 
at 2.3^. 

(3) Diffusion,--Tie,' dill'nsion of metal'^ be considered later 
in Boine dofail, and it is <-niy necessary'to jKunl out’ here that 
alloys can l>o formed by the diirusion of sulid metals in contact 
with one auutiicr even at orliieiry teni|)eiatures, as shown by 
Iloberts-Au''tcn in the ease of lead and gold. 

(4) Electro deposition ---If an ('leefrioenn-ent is pas.sed through 

a solution containing two mi-tallic sails it im under suit¬ 

able conditiiius, to o!'l-'\iii the two lurtals dopo-sited at tlie same 
time in tlx’ foim of a true ,ii!oy. It is only pfissible to obtain the? 
proper eon'htioris with a few eombinatiotiH of iiirfals, but tho- 
methoefis used eummciriany to deposit brass from solutions eoJi-'' 
tainmg co[ip<.‘r and /im-, ami was at oik; time employed for electro¬ 
plating with alloys \)f hiUu.t and ejidmiiiiu in piaeo of pur^ silver 
From a commercial poiiit of mow the proces-s presents many 
difficulties, and i« only piartieablu in the ease of a limited mimbei; 
of alloys. 

(5) Simultaneoiifi Reduction of Metals - This is the primitive 
method by which alloys were made long before the nietals of 

they were corujloHed we»e known in the free state. Thus 
Wim well known and larirel v use^ long before the metal zittc 
known, and in later times the regular method of making b2«sk^., 
known as the “calamine luolhod^ consisted in reducing 
in the presence of metallic copper. A still more recent apjlli') 
(»tion of the method is to be found in the productkM 
AlumiDium bronze by the (k>wleH’ process, in which the 
of aluqiiniuTn was carried oiif in an electric furnace m. 
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‘of metelliocopper wl,i«l, immcdmkly alloyed with the reduced 
aiuminium. 

;/ AJthoigh nm^y of tlioee proceseee are „ow obsolete, a number 
•'dfaUoye are still manufactured by the simultaneous reduction of 
two metals, Ferro-inanganese and spicgeleisen aro.raauufactured 
m-the blast furnace by the simultaneous reduction of iron and 
manganese ores, wlule ferro-chromo, ferro-silicon, and ferro- 
phosphorue are nmdo botl. in tt,o blast furnace and in the electric 
furnace; and ferro-t.tanium, ferroaluraimum, and more complei 
alloys (such os ferro-alumiuium sili.-ido and ferro calcium silicide) 
aro in thy electric fiiriiaro 
An interesting example of the return to ancient niethods in 
the production of alloya.is to Ijc found in tlio cace of Monel metal 
an alloy cousisliug css,-nt,ally of mckd ,,nd copp,-,, „h,ch is 
largel,y used in Amonca an.l ,s obia„„-,l l.v smolium to-,-tber 
the mixed nickel and ...opper ores as they o'er m tlm mmes at 
Copper Oliir, Onlano. By tins .o.-aus ,t I, as Ik-cii fouial puss, Me 
to produce an alloy possession valiialilc pliysical pro,,cities direct 
roni the o,c »-,ll,out m.mmng tb,- expense of lirst separating 
and rehnmg tlia metals and tlien alloy mg tl.cm m smtablc 
proportions. 

■ Another method of producing alloys I,y simultaneous rodnetion 

to which some reference must be m.ule is tliat commonly known 
aa the Goldschmidt or thermit [iroccss, i,l,„-h depends'on the 
powerful affinity of alnminiiirn for oxygen, uhcuibv it is able* to 
combine with the oxygen of many oLh,., melallic oxides leaving 
-the^nmtals in a free state, Tl.o reaotion may lie represented 

3Cu()-b3Al = 3Cu-f Al^O,, 

prrfnced by ti,,- reaction is so ^roat tlia* if the oxide is 
mixed Wiili grannlab.,1 idtininium and I,gated in a furnace 
•^f^uotion often takes place/xvitl, explosive violence and a 
must be adopted of controlling tlie reaction. The usual 

‘If! 

is mixed xviti. the calculated quantity of granulated 
^jhinm and placed in a crucible which I,as l,een previously 
^gnesia ni order to resi^ the high.tempcrature. On 
«»» the mixture is placed a small lieap of au ignition poWder 
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made by mixing powdered aluminium with an easily reducible 
oxide, such as hariimi or sodium peroxide, and into this heap is 
inserted a short piece of magnesium wire or cordite. The ignition 
of the magnesium wire is sutiicient to start the reaction in the 
ignition powder, which is then coinniunicated to the mixture in 
the crucible. Wlien the reaction is fairly started the remainder 
of the oxide to be reduced, mixed with the requisite amount of 
aluminium, is slowly cliarged into tlie crucible. If this is carried 
out properly the reduced metal will settle to the bottom of the 
crucible under a layer of slag consisting of fused alumina. This 
method is of inucli service in preparing alloys, as many of the 
oxides of the r.irc. metals are readily reduced by aluminium; 
but It IS ortcii dillicult to obtain the intitals free from a certain 
amount of aluininiiim. On the oilier hand, tho inctaL and alloys 
obtained by this process arc entirely frei; from carbon, wliich for 
many pur|)os('s is a very nn])ortaiit considoiation. Tlie heats of 
formation given in the following table will indicate the relative 
rcdmability of tlie oxides, and a simple caleulation will give tlie 
boat evolved during the I'caelioii. Tims m tlie case of the 
reduction of uu:l<<‘t u\ido 

:iN)0 + 2Al -.‘{Ni f Al/)., 

we have the heat of formation of AI/)., (1 .‘0 2 x 3 - 398'6) 
less tho lieat of lorination of dNiO reipiired hu- tiie reduction 
(fiLb X 3 - 18l'5),'leaving 209'1 calories. This excess Jieat has 
been employed in tlie welding of tram rails and emergency 
repairs of all sorts of fractures, as the operation can be carried 
out wherever reqiiirei] and quite indejieiideiitly of the existence 
of furnaces. 

HkaT pK FoliMATfON OF OxiIlKS. 


Magneniuni (MgO) . 

. 145'5 calories. 

t'ttlciuiii ((JaO) 

146 0 „ 

Strontium (SrO) 

131-0 „ 

Aluniinitmi 

131-2 „ 

Barium (BaO). 

124-2 „ 

Sodium (jVajO) • . . 

100-9 „ 

I’oUwjiiim (K^O) . . . . 

98-3 „ 
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Silicon 

90‘9 calorics. 

Boron (BSA) 

90-> ,, 

Mangaiicsi'(MiiO) . 

90-0 „ 

Zinc (ZiiO) 

Sl'8 

Tin (2^') 

701) ,, 

Cadmiuni (C'lO) 

(J() 3 ,, 

Iron(M.). 

9 „ 

Tungatcii 
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(6) Melting the Constituent Metals.—All lire 

Nvolbkuowu alloys, 

such as bronze, brass, (Icvinan silver, pewter 

and other whitie 

motal alloys, gold and sdvi'v alloys, etc., are 

made by melting 


tfigetlier the iiu'tals whu-li :ire to Im itilloyctl.* 'I'ho melting is 
nearly jilwayn perfornicil in cr' lil.les: Imt Ml a 1't.nv eases, whore 
large iiigotb or eaijluigs aio rei|nlreil, rt'\ci'l'cralory funiaces are 
employed. 

Eeverberatory Furnaces - 'rheso furnaros, wliidi am capable 
of melting several tons of iiictal, am coal liri'd, Ihc consumption 
of coal when gmi-nn‘tul is iicmg nu'Itcd aiimunting to about 
20 per cent of tlio wuiglit of theV'liauo 'I'hc metal is lajiped 
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alloys: 


into ladles, which are taken by overhead cranes to the casting 
•floor. The following charge sheet of a 7-ton furnace, melting' 
No. 1 Admiralty gun-metal, is given by Primrose, and w’ll serve 
as an example of reverberatory melting praetice :— 
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Charged, 10 a.m. to ['2 noon; tapped, 4..SO p.m. 

Fuel consumption; oO ewts. (Splint coal). 

Crucible Furnaces.—The crucibles used in the manufacture of 
^lloys are either made of ttrcriay or of a mi.xluro of fireclay and 
.graphite. The former are used for the melting of iron alloys, 

' where carbon plays an important part in the composil ion of the 
alloy; while the latter, wiilidi aro known as graphite or plumbago 
crucibles, are used for alloxidtsablo alloys, such an those of copper; 

Thefumacc.s in which tlio erucibi^^^saro heated may he either coke,- 
gas, or oil fired, the type most commonly employed in this countey. 
being the old-fasliiuned, natural, draft, coke-tirod pot fumaoB.' 
Several of these furnaces are arranged in a row at the floor 
the flues running into a main flue connected with the stack. 
front of the furnaces aro the ashpits, covered by a grating o)5 
Whioh the meltcrs ctand. Fdr crucibles containing more-.fch^ 
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100 11 ) 8 . of metal and which are drawn from tim ftiniaco by crane 
or pulley blocks, the furnace Lop should be level with,the floor; 
but for orncibles taking less than 100 lbs. and whioii are with-^ 
drawn by hand, the furnace top hIiohM bo about 10 ins. above 
the floor level, so tliat by placing one foot against the furnace 
the melter can steady lunisclf ami nso bis strength to greater 
advantage. Tho consumption of coke m natural draught, coke- 
■'fired furnaces is about 20 to 25 lbs }'er 100 lbs. of brass melted. 

Instead of using .a numbiT of comparatively small crucibles, it 
is often desirable to employ one huge cnieil)Ie, and to avoid tho 
dlflBculty and danger of handling large crucibles full of molten 
metal tho crucible is lixed in the 
■furftaco, which is so constructed 
that it can be tilted and the 
metal poured into a preheated 
ladle or direct into the moulds 
Forced draught is employed, 
tho air, at a picssiire of li to 
2 ins. of water, being sii])plie(l 
by means of a motor blower or 
fan. One of the best known ef 
these furnaces is the Morgan 
tilting furnace shown in fig. 1. 

This furnace is constructed on 
the.regenerativo principle, the incoming air and waste gas'-s passhig 
through pipes arranged conecntncally in such*a way that tlie air 
travels in a spiral direction round tlie lino and becomes heated 
before entering the furnace A jirelieater is lilted to tho furnace, 
and by means of a handle and cam can bo easily raised and swung 
free from the furnace before skimming and pouring. A special 
feature of this furnace is the tilting device, which is so arranged 
that the axis upon which tho f:irn|ce is tilted is immediately below 
1323 # 'spout of tlie crucible, so tin c the pouring-point is constant. 
Dfher types are made with portable bodies which can be removed 
■fej any pArt of the foundry by moans of an overhead crane 
’■ThVeonsuraption of fuel in these furnaces is very much lower 
thabdn the old filed typo, and at the same time the life of the 
is very materially lengthmied. It is reckoned that the 
.ill.crucibles amounts to about iin per cu'i’t., and the saving 
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in fuel at least 10 to 15 per cent. In a series of trials the average 
life of a (jrucible when melting brass was found to be forty-six 
heats 5 and when used hu' ordinary foundry pnrposea melting 
gun-metal, phosphor l)roiiZ(', etc., tin' average life of a crucible of 
400 lb. size was found to be e](tso on furtv heats. 



Fin. 2.--Alldiiys’ (Jas-fitcd riiioililc Kiiiiiaro. 

The following figiii'cs have li^en given by ilnghes as showing 
a day’s work of a crucible tiltmg furnaeo in a railway foundry. 
The fuel used was Durham coko containing 9'35 per cent, of 
moisture. 

Both lift-out and tilting tvjies of fnrn.ace may be fired by oil 
or gas, the selection of the fuel depending u[)on tho conditions of 
supply and tlie alloy to be molted. Fig. 2 .shows a stationary 
gas-lired furnace by Mcssiti Alldays and Onions, and fig.-‘3 a* 
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tilting furnace-by tlie same -firm suitable for gas or oil. Fig; 4 
« another .type of oil-fired tilting furmu-e by the Morgan Crucible 
to. Another type of oil-fired furnace, which resembles -a rever¬ 
beratory furnace on a small scale rather than a crucible furnace, 
is the Chaiiier rolling furnace shown in lige. 5 and 6. Jt ig 
cylindrical in form, and is mounted on two cast-iron standards 
having half-bcariiigs, so that the body of tbe fiirn.iee can bo picked 



Fid. ■i—AlId;;yh’Tilting Fnriiuc'' foi Oil urOas. 

up by a crane wjien de.sired. For this piup(]se the furnace may 
be fitted with a forge’d steel joke. A blast of U to 18 ins. 
pressure is used, and llm cunsnmption of oil for general foundry 
work is said to be two to three gallons per cwt. of metal. . - 
In America, where oil is readily obtainable, it is very largely 
need, but in this country the low price of coke has hitheffp 
prevented any serious competition by oil in spite of its 
advantages. However, recent irain-ovemenls in the design.of tlif 
furnaces have grci'tly increfced their efficiency, and ip 
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cases they are takin^j tlie place of coko-Dred furnaces 
shows a twin-chambcroil 


Fig. 7 


stationary furnace in which 
the waste heat from one 
' chamber is led into a second 
chamber and utilised f<u 
preheating the second 
charge of nu-tal. Fig. 8 
shows the Riicss (iltin.u 
furnace, in which Ihe com¬ 
pressed air is led mlo the 
base of the furnace so that it 
becomes heated and at the 
same time tends to coo] (In- 
bottom of the furnace where 




Fig. S -Charlior Ivolluig Inunace. 

ISfKWr,' The heated air is then pa^cd thiough the oil chamber 
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and renders tlie oi] nmro tltnd, tliiis [n-cvciiLing troubles due to the 
clogging of the burner. The saving in labour when using oil- 
fired furnaces is considerable, as the emtingof fuel and vetooval of 
aahea is dispensed with, and no stolung of tlie furnace while in 
operation or removal of duiker, etc, after llio'da)'s run is necessary. 

/\ 



Tio. li.—Cliuibi'i' Idihiig Furuace foi lifuiig by Crane. 

In both oil- and gas-fired furnaces the ease with which the 
temperature can be rdgulated a great advantage, and the 
recovery of a charge in the event of the bre.aking of a crucible is 
a further advantage, ospoeially in the melting of the rarer metals. 
Much depends, however, on the nature of the metal to be melted. 
Thus there is a prevalent belief among many inciters of aluminium 
that in oil-fired furnaces it is dillicult to prevent serious oxida¬ 
tion of the metal, and pressure gas is now being largely used in 
aluniinium foundries, as it if> claimed that by its use oxidatiwi 
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troubles arc rodncc-l to a iiiininmui. Oti the otiicr IiiuhI, (licrc 
IS little doubt that in the: melting ^oI<I and silver the hisses 

due to vojatilisation arc ^o'cat.i'i in ^cis-lircd furnaces tlia‘n in those 
using cok(^ riicse cxainiilcs aio iiK'rclv (|iiolcd in order to sliow 
that many faoLoi's (■(CiK'into in the nicking of the ditl'oreiit 



Flo 7. — All'i.tys’ I'wiii (h.iiiiliri ()il lii’i’i] l''inn:ico, 

metals, and those factors innst he coiisidcicd in Ihc selection oi n 
fuel suitable for the [jaitieular nielal or alloy to hi melted. 

Electric Furnaces,-- Rlcelne l^itn.irc-i arc nov\ largely usi'd in 
the manufacture of high giadc‘ steel, and so niiu'h has been said and 
written in praise of tin'in, ih.it iinny iir.osfiMinders ajipcar to be 
under the itnprossion tiial all Iheir troubles would disappear if 
they had an electric furnace suitaliie for brass melting It may 
be of interest, therefore, to describe hrn-lly Ihe ty[)es of electric 
furnace now in use, and (o consider ^le lines upon which develop* 
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mont,a« likdj to proooo.l, o,„d the prospects of success of the 
electric furnace for tlic lueltin- of iiou-ferroiis metals and alloys 



I'lo. «.-ljues8 OiMircd Tiitiug Fmnace. 

_ The furnaces in use at the present time are usually divided 
mto two classes, viz. (1) arc, or more correctly electrode, furnace,p 
and (2) induction fnruaces, ' * 

Arc, or electrode iumaee^.may, for the sake of convenience; iif 
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further dividod inhi Ihioo In the fir.sl of ilie-'C, of vvliioh 

the Stassimo furnace hliowti in lig. !) is the most ^;UIllli:u.ex.■lnlpU^ 
three carbon olecirodos enter the furnace at a sliudit inclination 
from the horizontal, and the hatli of metal la lioatod by radiation 
from the arcs winch are I'orniod nnmedialely above tlie surface, 



t 

and which are directed downwards The heat is intense, hut 
local, and the furnace is generally rotated in order to mix the 
metal and ensure honiogeneity, although it is not certain whether 
this is actually necessary. The obvious weakness of this type of 
furnace lies in the excessive local heating of the upper part of 
the furnace, with consequent destruction of the roof, and also in 
the liability to fracture of the horitunlal electrodes. In the 

2 
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second type of arc fni-iiaiTi, of whirl) thr> l)f"st known representative 
is Uio Umiitll furnaco (shown in fig. lU), the carbon electrodes 
arc arranged verlically and at some distance apart, so ,that the 
arc is fonnud betwcoii tiio surface of the liatii and the electrode,, 
the current passing llirougli that pait of the bath lying be- 
twceli the eiectrodes Owing to ilieir size and vertical positiwi, 
breakages are loss liable to occur, and flic electrodes themselves 
afibrd some pi'otectinn to tlio roof fi'om tin; intense heat of the 



Fie 10. Section of llriMull. Kleelnc Finn,ice. 


area. Tim maxiinum heating elb'ct ns on the surface of the 
metal, and this is tlie ideal condifion for a rcliimm furnace in 
which (he refining n[)ei'ation depends ii|)un ebemicjil reactions 
taking piaco Between (he slag and flic inelal, For example, hr 
the refniing of atccl in which Uie object aimed at is the removal 
of sulphur, the intense lu’at of the electric arc enaldes a highly 
rofraeforv slag containing as much as GO per cent, of lime to bfi 
used, which readily combines with the sulphur in the steel wtth 
the fonnation of calcium sulpliido. h'or the simple molting 
metals, however, where no IIu.n is used, the local heating of '.tha 
arcs is a serious disadvantagfc. 
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In the third type of furnace, repvcseiited liy the (Jirod fiinmce 
(fig. 11), tliB cunciil Olliers t.li(‘ hy \orti(;al carlioii 

electrodes; but iiisli'ad of leaving bv similar idfcjlioiles iis m the 
case of the Horoiilt furnace, it jias.sMS (hrongli the molten metal 
and leaves the Inrnaeo tliroiigli watiu’ci'oied iron eleehodos 
embedded in the botrom of Itn furiiaee. 

The arc has l>oen described as a ueees^aly evil of the olectrodo 



Fio. 11 - SccLiDii of Girod KIcctiic Furnaro. 


type of furnace, and this is to .some extent trmi, inasmtich an the 
heat is applied loeally, and thererore at a very imieli lii-lier 
'temperature than is re-piired. The ami of the designers of the 
. more recent types of furnaces lias therefoi^ been minimiHO the 
'Excessive heating of the ari; and *o ap^ily a paii of the heat to 
the metal by some other means. The tliiod furnace, bv rodmdiig 
ihe'unmberof surface ares, was tlie first step in this direetinn, 
ftpd the Nathusius furnace i.s the latest. This is circular in form, 
has three carbon electrodes suspoiided vertically in the 
,;^ace, and three bottom electrodes of mild steel embedded in 
^ hearth. Both top and bottom-elfctrodes art) arranged in the 



20 


AU.OYS. 


form of a ti-iati^le, nnd the njipor ones aro bo arranged ihat they 
can bo drawn up when tlio I'liriiaco is tiltod—a preoautioii which 
coTisiderabiy (liiniiiishes the nuiiibi.'r of bioitkages. 'Jha current 
einployod is a thrco-pliase alloriiatiiig, of anj eoiivcDient fiCf[UGncy, 
and IS supplied to the fiiniuce through a st(;p down oil trauaformer 
which reduces the voltage of tiic mains to tliat of the furnace. 
Different systems of connection are employed, wliich need not bo 
desoril)ed in detail . Imt. in each case the laiircnt is caused to flow 
not only between one upper electrode and another, or Ijetween 



one bottom ehietrodc and another, but also between the upper 
and bottom electrodo.s. One system of comiei^tion is shown in 
fig. 12. Not only is the bath lieated by the arcs on tlio surface, 
and by the passage of the ciiri'cnt through it, but also by the 
heat generatoifin the bottom of the furnace due to the passage 
of the current between the bottom electrodes. 

In spite of all efforts, however, the local heating of the arc^ is 
not eliminated, but only lessened, and at the ex])ensc of simplioity 
both in design of fnrnacc and in electrical equipment. 

Induction furnaces.—If a coil of copper wire through which 
an alternating current is passing is placed in position near a 
second coil, but without toiiching it, a current is “induced in 
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the Kocoml coil. The los.s of power is small, ami the rt'spective 
currents may bo varied at will, as they are inversely [iropurLiomvl 
to the number of Imiis m tlie windings. 'I'liis is tlm pniieiple of 
tho traii.sleriinu', by means of wliieli it is possible to transform 
currents of low voltaj^o to In^di voltaire and vicf, ih'isn. It is 
obvious that the sis-ondary eoil may consist of any iiim of metal, 
and if such a rnij^Ms cuutaim'd in an aminl.ar eiiieible or heailli, 
and the resistanru of tho enirent induced in it is snllieienl. to 
raise tln' Lemper,itnre to tim meltiii;,'-puint of the metal, then the 
traiisfonnci becomes an induct ion finnace. 

From the electrical point of view the induction furnace is very 
miicli more cHicient than the arc^ rniiiace, but from the metal- 
luridea! point of view it suH'eis from sermiis disadvanlages ijuite 
apart from its lueh initial cost In the lirst place, the annular 
shape of tho crucible is far -from ide.d, e,specially where reliiiiii^ 
opcraltons ha o to be carried out dependiiii' upon reactions 
between metal and slao;. in the sccomi place, tho furnace can 
never be completely empl.ied, A cold charge does not form a 
sufTieieiitly eo<Kl comluct'a’ for the secondarv current, and it is 
thorefoic noccssaiy to hvive a [lortion of the preccdinj< charge in 
the furnace Tins means that it is impossible to n.se the furnaoo 
for melting allots of varying eompoMtioii. In order to minimise 
the first of these disatlvanlagt.'s, tln^ Ihxdiling-ltodeiihauser furnace 
lias been built with two or tliroe .uniul.ar criicible.s, instead of one 
as III the case of the Kjelliii and hiick furnaces, wliieli mcel in 
tlic centre of tlie hiinaei', forming an open *ipae(‘ in wlneh tlie 
necessary opm'aiions can be (•••irricd out. Tlie furnaoo is shown 
in section and plan m jigs |;{ and 11 

I‘roin the forcg<)mg brief tiescription of the eloetrii; furnaces in 
use at tho present time, it will be seen that I'liinaces of the arc 
typo are essentially letining fiirn.tces, in which tlie heat is com¬ 
municated lo the metal tlnoiigh a layer nf*slag While this may 
be an ideal condition for sueli operations as the relinmg of steel, 
it is of no service in the imdtmg of allovs, for which purpo.se 
the intense local heating of the arc is totally untitteil On the 
other hand, the features of tlie induction furnace wiiich have 
militated against its adoption in tlie inanufacture of steel are of 
little or no importance m tlie melting of alloys, and it is to this 
typo of furnace, ^01 some modifiesfion of it m which the heat 
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is developed in the nietal itself hy rcsistaiK^o to an electric 
current, that the inainil'actuier of alloys lunst look for the 
sttccsssful electric melting fainacc. 

It t:aii, in fact, bo claimed tli.it liio indnetion furnace is aheady 
being used for tlie iiieUing, if not for the MiaiinfacLuic, of alloys; 
for ill some of the (Joiitimmt.d steel ur)cks it i.s being employed 
for melting ferro-m.mgane'.c, as it is staled that eonsidcrable 
economies can lie rlfectcd Ijy (he addition of ferro-niangaiicse in 
the molten slate to the bath of steel. Wlndlier tliis is so or not, 
the fact that an alloy so reathly o'cidisalilo as ferro-mangatn‘se can 
bo iiiambuned m a inoKeii eondilion for any Icnglli of Inno is 
sutlieient proof of its ada[itnl)dity to the iiieUing of alloys. But 
most alloys jiossess a biglior eoudiictivity for electiieily lliaii 
ferro-maiigaiicse, and this is peiliafis thu weakest part of tlie 
luductioii • furnace, fii oidcr to melt alloys which oiler little 
resi.staiieo to tlio p.assage of oleetricity, very largo currents must 
he employed to raise the teiii|K!iatiirc siiniciently to melt them 
An ingenious furnace ha.s iiceii designed by Dr <larl lleimg, in 
which he utilises onr of llio phenomena observed in the iniliiction 
furnace, and known as the “pinch eliect” 

When an electric current flows through a molten conductor the 
electromagnetic forces coming into play cause it to contract lu 
cross-scetion, and if one part of the condiielor is already smaller 
in cross-section tlian the lest (a condition whicli freiiuontly occurs 
in an induction furnace, due to tlm repairing of tlu* crueilile), ami 
ourronts of largo amperage are being employed, the coiiliaetion 
naturally takes place at this point and may lead to an actual 
rupture of the conductoi and interruption of the eiirreiit. Tins 
contraction of iKpiid lamdiietors ih the phenomenon known as the 
“pinch clVeet,’’ As long as tire conductor is not actually broken 
the pinch etf'ect may lie utilised to eUcct circulation of thu motal. 
The contraction of the conduetor causes tlie motjl in the centre 
to flow, and, as the eondiietoi' ih*iow .smalli'r than the containing 
vessel, frosh metal flows in to fill uj) the space. Hence the motion 
'takes place m one direction in the centre, of the comlnctor, and m 
the opposite direction on the outside, as show n by the arrows in 
fig. 15. Ill the llermg furnace watei-cooled cloctrodi's are 
embedded in the furnace, aiKheonncctioii is maintained with the 
; main mass of niefal in the criicii'Ie liy im^ins of two narrow 
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ciiaunels filled with the metal to be melted. It ie in these ohaimels 
that the iioiit is generated and from them the mass of metal in 
the cruciWo is kept in motion. Fig, 16 shows duigrammatieally 
the main featui’cs of the Ueniig furnaeo, in thi.s case adapted for 
bottom pouring. Owing to the .small sectional area of the channels 
the metal in thorn is readily heated witliont the use of heavy 
currents. Moreover, as soon as the metal in the eliaiinelH is inoltod 
the pinch ellbct cause.s tlio liot nuital to he squirted into the 
crucible and its place taken by cooler metal, so that complete circu¬ 
lation and uniform heating of the metal in the crucible is ensured. 



Kio. 16 .—Ciii’i)liiiiMii illicit I'k;. le Hi'inif'luiniacf 

Ktfocl ” 


It is too early to speak with any .issnranee as to tlio practical 
working of tins furnace, but it certainly appears to combine the 
advantag<‘s of the are and inditotion furnaco-s without their dis¬ 
advantages. Tlie)-(j IS no excessive local lie.iting as in the ease of 
the arc furnace, the heat bmng generated in tlio metal itself as in 
the case of the mfluetion fmnace. Unlike tlio induetioii furnace, 
however, the transformer does not form a part of the furnace, 
where it is always lialilo to dain.age by hot metal, etc., but is 
completely detached. i'’iirtiier,‘tlie metal can he melted out of 
contact Willi air or furnace gases, so that oxidation troubles should 
bo reduced to a minmiiim 

As regai-ds costs, the eoiistincLion of the furnace i.s simple and 
the initial cost tlien'foro low. The electrodes being of metal are 
cheap, and aio not burnt away ;is in (he ixase of carbon eb'ctrcxles, 
which form such a sci ioih jicm in the eo.sLs of arc furnaces. 
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Working costs are said toljolow, and it rscLunu'i] that 10 kw. liours 
are required to molt 1 cwt. of In.ifiS, oi, i.d.iiig the coat of current 
at ^d. pur ]\W -liunr, hd. per cwt. 

In the manufacture of alloys on a large s<'ale it in not idways 
easy to produce a nuxture of uniform coiii|)<isition even with 
careful stirring, aiid m practice it is often consideied ilesiiablo, if 
not necessary, to re-melt the alloy a .second tunc. Tlie diHiculty 
is greatest when the metals to he alloyed have widely dill'eront 
molting points, and is still fiirtliei incre.iM'd if one of tlie niotala 
is volatile. In older to reduce tins ditlii.-ulty to a niinimnm the 
pure metals are nut melted together, Imt previoiialy made alloys, 
whose composition i.s known, arc used to make the fmal alloy. 
For example, in the case of German silver, wliich is composed of 
copper, nickel, and /.inc, the /me melts at 419° and the nickel at 
1427*, and it is evident that if tlie three rnot.al.s were placed in a 
crucilile and raised to the necessary tompcratiiiu most of tho /inc 
would he lost by volatilisation Indore a nniform alloy was obtained, 
To overcome this diHiculty (lerman silver is made by melting 
together an alloy of ci.ppm- and nickel, usually containing 50 
per cent, of e.acli metal, and brass. Tlio eopper-niekel alloy has 
a lower meiting-jioinr, tliau pure nickel, while tho brass has a 
higher nu.-lting-point tiian zinc, and tlio melting-points being 
thus more nearly alike tlie metals are more readily alloyed and 
tlio loss of /me by volatilisation is very materially vedneed. 
Anotlicr ddliculty nmt with in melting metals to form alloys ia 
tho liability of the metals to heconio (>\idi,scd,.aiid this snlijcot is 
of sucli im[)orlanco tfiat ft de.serves some consideration. It is 
well known tliat some metals arc capable of absorbing, dissolving, 
or alloying with considerable quantitio.s of their oxides with most 
injurious results, hut this liehaviour of metals towards their 
oxides is of more common oeeiiiTonce than is generally supposed, 
Tho influonco of o.xide on a molten metal,inay lio*rea<lily scon by 
melting a small (piantdy of coppfr in u crucible without taking 
any prccautioii.s to prewiit ovidation. The metal wdl be found 
to be moderately lluid, but if a Muidl quantity of phosphor-copper 
is now added to the nu)lti‘n niel.al the ii.'iuease in tlie fluidity of 
the metal is remarkable, mid cannot fail to lie noticed. For some 
time this increase in tho fluidity of a metal was not properly 
understood in its pr.ietnal applm,.* mns, and* when aluminium 
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was first used :vh n. dnoxidisor for stctd it was commonly 
stated tliat tin; I'llcct ol' tliu aluminium was to lower tlie 
moltin^^-point of (lio stool. Moasurenumls of the melting-point, 
however, proveil Unit tlioH' wan no such louering, but merely 
an increase in tlio 1litiiliL\, whieli was made iiinn; apparent by 
the heat prodmasl ly |,he <'oiiihiiialimi of tiie ox}gon witli tho 
ahiiiiiniuiii. 

In mder to pi(‘\(‘iil oxnlaliou as lai' as pii'^'ihh; the uicLals are 
melted in ei.i[iinte onuables and coiered with a layi r of charcoal, 
resin, or other carlHiuaceous inateiial. In some cases borav is 
used as a eoveriii”, as it molts rasily ami hums a protecting 
layer, while at the same lime it ooinhmes with any metallic 
oxides present and keeps the molten molal clean. Tho alloy is 
stirred with a carlion stirici, or in soirie c.isos with a green pole, 
tho gases evolved from the wood serving lo redina) 'any oxides 
present. In spite of those preeautioiis, however, oxides are 
frequently formed which are not reduced hy raihon, and tho 
difficulty then presents itself of deoxidising the metal In order 
to cn'ecttially ftee a iiiolton metal or alloy from oxide, it is necessary 
that the rleo\i(lisor used sliall havc.a slionger aflinitv for oxygen 
than the motal to be deoxidiseil. and, seeomliy, that any excess 
of the (h'oxidiser over that necessary to conqtletedy remove the 
oxidi' shall have no injiitions eH'oct U[)oii tin- motal itself. A 
large mimbor of deoxidisers are now manufactured, and the 
following list (p. Ill) gives f.liosc most coimnonly used, together 
with the alloys foi ‘wlneh they are most suitable and tlio form in 
which they are cmploved. 

Boron is new lionig usi'd as a (h'oxidiser for copper in the 
production of copper eastings for electrical work Unlike the 
other deoxidisers, boron does not alloy with copper, so that the 
addition of a slight exce.ss does not imp.'dr tho electrical con¬ 
ductivity of tli'c cijppen 

Deoxidisers should only lie used to free the metal from tho un¬ 
avoidable oxidation wliicli takes place even daring the most carefiil- 
moltmg, and .should never be reganied as an infallible remedy for 
careless molting. Tlu' knowledge tliat oxidation can bo partially, 
or wholly cured should not hinder the strietest precautions being i 
taken to prevent oxidation during melting. Excessive oxidation 
caused byjtoo rapid meltiiij^ and consequent overheating of the’ 
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'tnet'A.l, or by ovorcliavijin'^ IIh' crucil'lo, is often incompletely 
remedied by the ad<lition of deo\idisers 


Alloy 

n(‘<i\nlis( I. 

IJsf'tl III (oriii ot 

lixiil alloysi 

M.UlgUH'-V 

l''iiio - iii.iiigainsii liiid 



>[>ligrlcl'.cll 


.Sliu'Oll 

lo iio-m1uoii ,kinl --ill, idee. 


tAilnmii . 

Jo ini-i -iloiiiiii mIickIi' 


Aluummiiii 

Aiiiiiuiiitiiii iind liiio- 



iiliuiiuiHim sihi'idc 


Titiiniuiii 

lU'llo-tlliUllllIII 


Viilhulnini 

Id’iio-viiiMdniiii. 

PlolkZO 

l'bos)>hoiiis 

I'hosjihor • i'o]ij«'r ;uid 



|ilii-b]ihoi-liii. 


Alumiimnn 

AliDimiiiuii. 


Silicon . 

(’il[)io-silu‘oii. 


Zinc 

Zinc 


MaiujiiiiO'.i} 

CllJiKl-IlllllIg.lllCSC. 

(leiiiiaii Htlvi-r 

Mikgiii’Siiiin 

Macjii'sium or ciijiio niag- 



nosmiii 


Calciutu . 

C'lilciiun-11111111111111 111 alloy 

Silver-cfijipBr utloys 

C.tiliinmii 

(ladiiiiuin 

Aliiuiiiimm allctys 

Nf.igiii-sium 

M.'igncsiuin 

M 


riiusplior-tiii. 

Pouling and Casting--It has long 

been known that the 


tempciaturo at whnR imiiits and alloys are poured has an 
important innnonce on tlicir mec.iianieul piopcrties, and the most 
suitable caslint^ temperature for any particular alloy liUH been 
deterniiucd entirely by [ii-actie.il ex[)ericn(;e. 'I'liore is a lack 
of definite inforitiation on the huhject, hut I;Ougiiiiiir is respejnsibic 
for some interesting observations and exporinients which deserve 
attention. He cites (he case of a number of cast-iron test pieces 
cast from a 5-ton ladle during an interval of lifU'on minutes. 
Transv(;rsc tests on bars 2 ins l^y I in. [ihced on supjjoits 3 ft. 
apart varied from 22 to 35 cwt 

Another senes of experiment^ on a special alJOy, whose com¬ 
position is not given, showed a tensile strength varying from 
12*5 to 26’2 tons per sq. in., and corrospon<liug elongations 
Taryingfrom 5'0 to 51-G per cent, on a length of 6 ins. Two 
examples are also (pmted of castings which failed to meet the 
required specification, but wlicn broken up and re-mcllcd, without 
any further addition of metal, and cast at a proper temperature, 
gaye perfectly satisfactory results 
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Loiigimiir has tnadc a of hih'iiIhI (vislm^s witli 

various allots, and tho fi^mircs ui Iho f(ncu;niii;j; lal)le slmw hia 
results .Tlio lif;ut't‘s eviilaiii l.lintiM'lves, and it is only ncncKsary 
to add that tlio fiuaiititv of alloy mcltod was iti overy caso over 
50 lbs. ill woi^ld. Tlii'cn Itais wiuv cnst at a liiyli ti'iiijK'raturo, 
and the metal allowed to cool in tlie crueibli' fur a lew minutes. 
A RCcnnd set of three bars \\<is tlien east, followed aft(“r :u) interval 
by a third set of tlnee, theso last benie cast a(. a temperature at 
which the metal wuuld just. 

If tho alloy is ea.st at too hi;^h a temneratiiro it possesses the 
coai’se structure cliaracreri'tio of a slowly cooled metal; whereas 
if It IS poured at too low a Leinporatuie, not only is tlmro risk of 
the alloy hecomiu^^ jMrhally fiolid, or the h'ss fusililo coiislitueiits 
separating out, bil'uin poiirniu", hut also it solidities ntime<liately 
on coming in contact willi tlu' mould, witii tho result that there 
IS a lack of col)(‘''ion m tln’ ingot. Moreover, on account of the 
decrease in liie llni<liLy of the alloy at tem[)ciatuies only sliglilly 
above the melting poiiib, u is liable to enclose .scum, slag, or 
charcoal, which is lUKitile (o flijat to the surfaec. Tho result is 
an unsound moot wdncli cracks when rolled. 

Tlie proper tcmpeiature of casting would appear to be sucli 
that the mould is eiilirely tilled witli molten metal, wbiclt begins 
to solidify almost immediately after tho pom mg is completed. 
DotcrminationR of tho casting temperaturo of standard* silver 
carried out at tho Royal Mint showed tliat the average tiaupm'al wio 
■wae nearly 100“ above tiie initial free/.ing-pimit of the alloy, or 
about 9R0 , and this would seem to he a suitable diA'eronce in 
temperature for alloy.s melting m the neighhourhood of 900°. 
In the case of alloys with much lower meltiiig-pomts, which 
would coot more slovviy, the diller(‘nce between the meltmg-poiut 
and tho casting tem[ieratnre can witli advantage be decrcjwed. 
Thus with almnimum alloys sui^i as ni.^gnahuni* and alloys of 
lead and tin, the casting tem[)eralure should be only slightly 
higher tlian the initial freezing-point. 

Closely connected with the casting temperature is the nite of 
cooling of the alloy, a matter of very great importance. Oenerally 
speaking, slow cooling produces a large gram, a coarse structure, 
and relatively weak alloys; wliiic rapid cooling gives a fine 
etructure and a ^tromicr. but niore^ln-icile. aflov. The rate of 
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cooling is to a pxtoiifc coiKj-olIed by the temperiiture of the 
moulds. These .no frcqiioiiLly heated in order to prevent too 
rapid cooling, .and in some cases it has been found that tha 
teinpcraturo of tlio moulds is of great importance in determining 
the quality of the alhjy. An example of this occuis in the 
casting of certain antifnclion alloys, wdiich will bo considered 
later. 

Moulds.- Owing to the ext(mded range of tciiiperatnrcs through 
which (lifTerent alloys melt, a variety of materials are available 
for making moulds. Iron, l)rass, sand, ])l,ister of Paris, and a 
number of otlier maleri.als may be omploycd; but thoso most 
conmiouly used are iron and soiul comjKisitions. Alloys intended 
for i(dlnig or drawing, sucli as steel, bron/e, br.iss, (!crman silver, 
magiialimn, gold and silver alloys, etc, arc cast in imn moulds; 
while timse which arc to be cast into (dijects of various shapes, 
merely reipnring to be liiii.slicd by tiiiiinig or liling, ai'o cast in 
sand moulds. 

Iron moulds are made in two pieei’s, wldeh are usually ludd 
together by clamps oi’ by a ting and weilgo device, intended to 
facilitate the removal of llie ingot. The interior of the mould 
is either oiled, blaekleaded, or smoked helbn, llic alloy i.s poured 
in. The foregoing rcmaiks do not apply to ingdt moulds used 
in casting steel, whicli arc of special form and do not ri.'ceive any 
oilmg or other treatment previous to casting. They arc made of 
gray luEinatito iron in the form of tnincaled pyramids of any 
desired sectaon, with just siillicient tapering to allow (ho mould 
to bo easily removed from tlie solid ingivt. The second part of 
the mould, in this case, consists of a cast-iron liottom plato upon 
which tlie moulds stand. 

The material used m making moulds for “sand castings” is a 
mixture of somewhat variabh* coinpu.'-^ition, but usually contains 
about 5 per cent, of ci?y, 1 to 2 pi.w cent, of iron oxide, and the 
remainder of clean sand. Where lino castings with a specially 
good surface are required, the surface of the mould is “faced" 
with flour or a mixture of Hour and cliarcoal. 

The “pattern” round winch the sand is moulded is usually 
made of hard wood, and is varnished or blackle-adcd to enable 
it to leave the sand easily. Allowance must also be made feit 
the shrinkage of vhc ruetai'uu cooling. In casting alloys sharp. 
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coniri's Ilf slioiiM nvotilcil, ;is fji.r ils posMhic', for ft 

double iviisoii III thv pi. ICC, such paUerns fuc. dilliciilt to 

mould; fiid, in llie second plicc, .sli.irp miclc,^ ^nve risi* to a line 
of woakiH'.'.s in the ta^!ll|o \wiicli may result in fiaduri'. This 
line of weakness is duo to llm ful ihat ('ty'l:illi''a.tion tiikoH 
place in a liiu' at iiejil .lnelc.^ to the litce of ihr mould, and it 
follows tliat. if two faces Imm a sli.irp aimlo liie ciyslallisatioii 
starting from lioth faces will meet and nroihiee a line of se[)aiation 
which bisects dll' aiiLde. l*r()t Tutner stales (iiat a moderate 
internal [,>rcssure will fici|ueiiily I'orce out (he Ijotfom of a 
cylinder in a siiiy^lc piece il it has l-e. n cast wiih sharp comers 
Tor Ibis reason rounded cni’ves sliouM he adopted whciever 
possible. 

Alter treatment ot Alloys -\\'licii an alloy Ic.ive^ (he myot 
mould it is*sul>ici'ti-(I (o ;t, uiimher of nprr.itioiis, all ol w Inch ;d!cct 
if.s properl 10 .' > i .i ytc.ii- i m' hss deduce These opcialions may 
be dcsciiliod as (1) iiieehauie.il treat meiit siieh as loliim.', diawinif, 
Spiniiiiio, etc, ; (2) (hemi.al tiiMlineiif, smdi as aimeahiej’, cliilliiio, 
tempei'iny, etc , and (iij I'licimo.al lie.ilmeiit, winch may l»e 
merely a clcaiuin,; of the sin fare by picldni i m aciil or alk.di, or an 
actual altei.ilioi) :ii the coiiipOMliou and cli'u.inter of the surface 
of the alloy by pickling or by ecmcutai ion. 

The iiillueme of these opeiations wdl he coiisiilered sepaiatr'ly. 

1. Inlluence of Mechanical Treatment. All metals arejimre or 
less comprcKsihle, and m the light of recent research it woidd 
apjiear that compressibility is a periodic projierty, and closely 
Coiiiiceteil with, if not proportional to, tiie atomic volume. When 
subjected to mechanical ticaimeut, such as rolling, hamineiing, 
or drawing, metals and .illoys undergo compie^sion and their 
mechanical prupcitios are altered. The metal hficomes stronger, 
harder, and more brittle, or, in other words, the tensile streimth 
is incre.ised and the elongation decreased.. The {^•Metlcd applica¬ 
tion of alloys liardened by mechanical tnalment may lie seen, to 
take a single example, m liie use of st.indard silver Ibr the blades 
of dessert knives, h^li knives, etc. Tlieso uio manufactured by 
hammering, or, in the cheaper varietie-, by “hard rolling” In 
the Case of alloys experimental data are wanting; but it has been 
shown with pure metals tliat the greater the compreasibility the 
^ore rapidly dc^cs it decrease wifh incrcashig pressure, and, 
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according to T ;0 Olialclior, f.lic toiisilo slrongth of tiK.'tals hardotied 
to their iiiaxiiniim extent is almost exactly douMo their strength 
in their normal or softuned conditiuii. Mis ligures for five metals 
arc as follows.— 


Mutfil, 

Tensile .‘'troiii^th in Tons pei sq. in. 

Minimum Hardness. 

Maxurnim Ifardness. 

Copper .... 

l!i'87 

;52 38 

Nickel 

31-92 


Aluminmin 

7-02 

15 87 

SiJvi;!' 

H-4;i 

24 1-2 

Cadniimn 

1-68 

3-17 


As rcg.'uds alloys, it is prohalilo that those eoiisisliiig of solid 
solutions which, as will be seen later, hav<‘ .stiiictures similar to 
those of pure metals and ate the only alloys ca[)alile of receiving 
much mechanical treatment without being previously heated, will 
behave in iniicii tlio same way as pure nu'tids In >,oim‘ cases 
alloys are rolled wdiilo hot, and in others they are rolled cold. 
Cold rolling prodiicea a greater degree of hardness than hot rolling, 
and the maximum hardness m prodmaxl by cold diawmg to form 
wire or rod. The condition of rnaxtiuiim hardness, how'ever, is 
not a stable one, and Lo Chaielior ims shown that a metal which 
ha&' attained a state of maxinmm luudness hecomes gradually 
softer in the coiime of time. Thus wircN of silver and copper 
tested some lioiirs after drawing sliowed a decrease in strengtli 
of 2 to 2'5 tons per square inch from those te.sted immediately 
after drawing. It is evident that this change, winch LeChatelier 
has aptly <lescribed as “spontaneous annealing,” is of the utmost 
importance, and renders tests made on haulened metals of more 
than doubtful ^alue. Moreover, Lo Clialelicr’s work was carfied 
out on very soft metals in wbicli the etlort of the metal to return 
to its normal condition merely produced a softening; but in the 
case of harder metals and alloys the results are very much more 
serious. The forces coming into play are so considerable that in 
the course of time tho metal sulFers deformation and in many 
cases actual fracture. Tins phcumuciiou is communiy known as 
“season cracking. 
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2. InOueuce of Thermal Treatment. -After being suhjeeteU to 
mechanical treatment inctaLs and alloys are usually t(Xi .lianl and 
brittle to»l)o of use, and it is necessary to soften them by reheating 
or aniioiiling. Tins operation is \isually carried out either in 
closed fuiiKiccs of the iiiiilllo typo or in reverberatory furnaces 
(under reducing conditions) when the si^o of the pieces to be 
annealed does not ponuit of the nso of a nnilllo furnace- V(;ry 
small olgects, such as pieces of slaiidenl silver to bo used for 
jewellery, are sometimes annealed liy simply resting them on tlio 
hot coke in the open furnaeo. Korrnerly the operation of anneal¬ 
ing was earned out in tlio crudest maimer, but within recent 
years the importanen of tiio subject liaa liecn realised, with tlio 
result ttiat annealing funiaces have been greatly improved, and 
it is now possible to carry out the process with practically no 
surface O'ddal.ion or alteration of the metal 

From what has already been said witli regard to “sponiatienus 
aimealing” it follows that there is no deliriite tempciature above 
which a metal or alloy can he Boftenod hy annealing. The change 
takes place gradually Imb extremely kIowIj at normal tonipera- 
tiires; moie rapidly as the temperature rises, until a teni[)eratiiro 
is reaeiu'd at whn;h the change takes place almost instaiitancoiisly. 
For practical piitposes, however, there is a teni[)craliire for every 
metal and alhjy below which annealing is impracticable on account 
of the length of time necessary for it to reach the reipiireil con¬ 
dition. Tho anriealiiig of brass at different temperatures has 
been thoroughly invcsligaled by Ciiarpy, and his results are dealt 
with in the cliaptcr on brass. More recently the subject has 
received the attention of Malwcef and Hose. The latter has dealt 
specially with the annealing of coinage alloys, and has detennmed 
the temperatures at which softening begins to be perceptible in 
coinage lilanka, together witli tiie temperatureH at wliich snftcning 
ia completed in thirty minutes anddn less tfian one minute His 
Jesuits are given in the following table (p. 34). 

■ If a metal is annealed at too high a tompenitiiro Its mechanical 
proportios are injuriously affected, and it is then frequently do- 
§<mbed as “ burnt ” This word is somewhat loosely employed to 
describe any deterioration of mechanical properties due to anneal- 
iflg, and as such deterioration may bo ^liio to several causes it ia 
tic^ieasary to distingfuish between them. 
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.Mutiil or .Mloy. 

L'lWest 
'rein [x'1,1 Line 
oli'CiVi'ii at 
Vfllloll .SiOlrll- 
iiig hegnis to 
be J'crceptihle. 

Touiperatine at 
whieliSoftcniiigis 
nearly eoiuploU'd. 

In abuiit 
lialiuii 
hour. 

In lesa 
th.in u 
niiiiuto. 

(Jold . 

80 

1.30 

200 

Silver. 

HO 

400 

500 

Copjier. 

27.''* 

3ii0 

400 

Nickel. 

300 

700 


Zinc. 

15 

125 


AhimiiiiUHi, coiitaiiiiiip ‘2 pel cent, non 

250 

;tou lUn 


CadiiiHiiii, poshilily not pure 

15 

160 


Gol(lcop])cr iilloys— 




Au 91t> Cu 83'5 .... 

200 

500 

tlOO 

An 900, Cu 100 

300 

500 

600 

Silvei.ci>|>por alloys— 




Ag9J.o,Cii7r> .... 

230 

550 

600 

AgOIG i], Cu .Hli 3 . 

230 

r.OO 


AgOOO, CnlOO 

230 

600 


AgS^f), Cul05 .... 

{\) 2.jO 

f).'.l) 


Ag SOO, Cu 200 .... 

301) 

700 

700 

Ag719, Cu2Hl . . . . 

300 

700 


Coiii.ige bronze — 




Cu95, ati4, Znl .... 

200 

470 

600 

Nickel-copper aliovs— 




Ni 20, Cu 80. 

.300 

550 


Ni 25, Cu 75 . 

300 

t)5ii 


Ni 30, Cu 70 . 

300 

600 


Ni 50, Cu 50 . 

•too 

700 



Annealing at too high a toinperatnro may result in exeosaivo 
crystallisation am] even in a rciiini to the structure of a cast 
metal. Such a change of structure is, however, not cliomical but 
purely physical, and can be remedied by suitiihle Inait treatment. 
Again, annealing at too high a temperature may cause segrega¬ 
tion of one or more of the constituenta of an alloy. A familiar 
example of this is to be found In tbo case of steel in which the 
carbide segregates between tlie crystals of iron. I’hotograph 46 
shows a sample of steel wliicli has been over-annealed in this way, 
but this structure can also bo remedied by he,it treatmout, and 
the word “burnt” as applied to it is a misnomer. If, however, 
the steel is heated to a slightly higher temperature, actual oxida¬ 
tion or true burning occurs, and for this thoi o is no remedy except 
remcltiog and deoxidation. 
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In the c.'ise of bms.s excessive aniioaliii" is nccoinji.niii’d by 
volatilisation of /.me. This ni itsolf is not liiirniii<;, Iml Ui'- snhjoct 
ifl imperfi'ctly uiulorstuoil aiul riMpim's fniliior invesliaalion 

Annealin'; is usually followed l>y slow eoolnie', hut. in somo 
cases ra[)i(l coolin-^ jiunInoeH a softer iiirl.al. !'',\ainples of this 
aro to bo foiind, in tho case of pnro iin'IaN. wilh >i|ver; and 
in tlio casu of alloys, with nnejn.diiini {.see i hip Xlii) The 
alteration produced hy annealing leijnii.'s time, and lakes place 
more rapidly as the Lempetaliiio is taised On the o(her hand, 
impurities render ilie ptoees.s of annealing slouei- 

The pioporties of • ome alloys ;ue [ii'ohmndly alletvd hy clnlline:, 
quoucliing, or rajndly eoolinp rroni a hiedi teiiga'i.iliiie The 
object of bueh lieaLnit-nt is to (iK oi maintain, .is f.ir as ]ios.sible, 
tlio striicLnro pos.si'ssed liy tiie alloy at tho teni[ieM.tiuo from 
which it is ijiienelied. and it i'olio\os I hat llio lieiLtmeiit is only 
applioahlo to alloys wlueh undergo a tinnsfoinialioii or molecular 
change on healing or eoohng. It also follows that the eli'eet 
produced by (nieiiching will vary with dilleient .alloys. .Steel, for 
example, is hardened by (pienchim;, whereas the sanni treatment 
applied to hionzo rendei-s the alloy softer and more malleable, tlio 
rapid cooling preventing or liindering tlio foimation of a liard 
consLitnent, which la ahvay.s formed in a slowly e'ooled sample. 
The temperature from wlmdi tho alloy is ipienclied dejaaids upon 
tho toinpeiatnre at which tho inoleeular Ir.uisfoiination lakes 
place, and must, of course, bo above that lemperaLure. The 
tendency of metals which iiavo been cold wmkud to reverb to 
their origin.al condition has already been referred to, and the same 
, tendency is always present in metals who.so pmpeitie.s h.avo been 
anbetod by sudden cooling. Tiioy are in a imnu or Ics.s unstable 
condition, and it Eoni< lime.s happen.s that cli.uiges do actually 
take place. .Such changes aie usually dos' iibed^ as ‘‘ageing.” 
Examples of this aro to be foi*iid in many of tho .iihiys of 
aluniiniuin which aro softeri'-d by quenclniig but gradually 
recover their hardnc>s 

Tho structure of an alloy can never be al)sol'itoly fixed by 
quenching, for tlie siinplo reason that tho (picnchniL' can never be 
instantaneous and the etlicieiicy of tho quenching depenils on tlie 
8 iz 0 , or, more strictly speaking, on th« weight, ^pecilic lieat, and 
conductivity of th0 alloy to bo quenched; and also on the tern- 
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peraturo and iiat.tire (and more espoclallj tho conductivity) of 
tho bath in which tho quenching takes place. 

Quenching is usually carried out in water, solutions o& salts in 
water, oils, lead, or tho more fusible alloys of load and tin. 

Tempering consists in reheating a quenched alloy to a tempera¬ 
ture below that from which it was ([ueiichod with the object of 
destroying tho inlornal strain produced by the quenching, without 
afleciing its molecular structuro. The softening elfect of this 
reheating is greater as tho tcinperature is raised, but tho tompera- 
turo must be well below tho point of transforniation. A bolter- 
e.mmple of the influence of heat treatineiil on tho strnciitre of an 
alloy could hardly bo chosen than that given hy Rohcrts-Austcn 
and reproduced in photograjih 1. The photograplis all represent a 
steel containing 1'5 per cent, of cai'bon. The centre photograph 
shows tho structuro of tho metal as it comes from tho cementation 
furnace. No. 1 shows the structure after heating to 1000*, 
working and slowly cooling. In No. 2 tho metal has been heated 
to 850* and cooled in air. In No. 3, instead of cooling in air, the 
metal has been quenched from the same temperaturo, 850*, in 
water, The steel is tliiis hardened and tho poarhtic structure has 
been entirely replaced by martensite. In No. 4 the metal has 
been raised to a higher temperature, 1050°, and more rapidly cooled 
by quenching in iced brine. Tho structure now consists of bauds 
of martensite, alternating with lighter and softer bands nj" 
austenite. If this metal is now cooled to tlie temperature 
liquid air tho Btriicturo is profoundly altered as shown in No. 5 
In No. 6 the steel has been quenched from a temperature near its 
mcltiug-pomt, and tho result is a “burnt” steel. The structure 
shown ill No. 7 is the result of prolonged annealing at 650*. 
The cementito and pearlite are well defined. Lastly, No. 8 shows 
tho original structure produced by heating any of tho samples, 
except No. 6, to 850*, workiiig,iand slowly cooling. 

Influence of Chemical Treatment.—After an alloy has been 
subjected to mechanical and thermal treatment it is necessary 
to remove the surface deposit of oxide which is formed on most^ 
alloys, and this cleaning is usually effected by “pickling” in ah 
acid bath which is frequently heated. Now, this pickling has a 
decidedly prejudicial efibet upon the mechanical properties of 
tho alloy, and is so well recognised in the case of iron and 
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that some apocifications, innliKliiii,' those denianf(c<! by tho 
Admiralty, voi|iiiro (ii.it to'ts should bo nmdo upon the picklod 
nicbil. Jn the, [ncklifig of tliiii sloi'l ,shei:ts intoiidcd for tin-plato 
majiiifactiire, tho doine.wo m stn'ii;;tli and ductility of tiio metal 
h often acconipaniod by tho I'oi ni.timn of l)listci's on the surface; 
and in the pickliiip; of h.tr'l stn.d lod cdiitaiinno about 0’8 per cent, 
of carbon tho inotal soiiii'tiino-t llirs to pirci-s when iitiiiioi'sed in 
the acid. The fothmiii;; tl-.ruics by ll;d{r,i' and Lan^' illustrate 
the fallin^-olt iti ih<; quality of sircl rod by picklii);^. 'I'ho lirst 
samplo was pickled in a 38 per (tcni sulphuric achl bath for one 
hour, the second in an II per cent bath for foity-fivo rniimtes, 
and tlic third in a K) fim- cotit. bath for one lu-iir ten tniniile.H, 
the teiupcraturo of tim bath nt eacli case b-uiig i00‘. 



Tcnsi! ' in IK 

per Kq. in. 

Porcentayo (-"ntmetion. 


I. 2. 8. 

1. 

2. 8. 

Before pickling. 

66,7110 59,700 69,100 

6.3 

66 87 

After picklin;' , 

_ 

fii.-ion {!<j,7O0 

33 

44 47 


o’ On reheating, tho metal roturns partially, but not entirely, to 
former state. 

£ There is no doubt that these results aro due to the hydrogen, 
Jffhich is evolved in considerable quantity (luring the operation of 
pickling, and tho action is more readily understood when wo 
ponsidor the following facta. Hydrogen at tho normal tempera- 
lure is easily capable of penetrating steel, and at 100* the 
|.penctration must take place nuiro readily. Moreover, tho action 
lof the acid leaves a rough surface on the metal, which favours the 
, penetration of tho gas. Niiscent hydrogeriiis a poilerful reducing 
^agent, and is capable of reducing metallic oxides, whether formed 
I in tho process of molting, or rolled into tho metal during subse- 
■ (^uent mechanical truatuicut, and the author has shown that this 
; reduction can take placo at a temperature of 100*. Tho re- 
[duetion of o.vides is accompanied by tho formation of water, and 
water being unabio to pass out of the metal where the 
.',;hydrogen entered,^ives rise to an in*ternal pit^snre. which mav 
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cause a blister in soft metal, a fracture in hard motal, or, at 
least, a failing-oiV in the mechanical properties. Hut at higher 
temperatures the action is reversed; metallic iron decomposes 
water vapour, and tlie hydrogen so formed is able to pass through 
the metal again. 

The alteration in composition of an alloy duo to pickling must 
not be overlooked, luir example, in the casi; of standard silver, 
which m the hands of the silvtU'snuili luidrrgoes repeated anneal¬ 
ings and cli'ainng m acid, tlio copper is almost cntiri'lv removed 
from the surfaco of the alloy, leaving a coating of almost pure 
silver, This is a [mint which has to be consideicd by the assaycr 
in taking an aveiage sample of the metal. A ebango of com¬ 
position in tlio sni'fae.e layer of an alloy may also bo pioduccd by 
the ancient proci'ss of cementation. This process, which is still 
used in the hardening of steel, consiRts in heating the alloy, in 
the prcsencu of a substance with whicli it is capable of alloying, 
at a temperature below its melting-point. Thus steel is super¬ 
ficially hardened by packing it in charcoal, and mainbiining it at 
a high temperature for some time. The steel gradually alloys 
with the carbon, with the result that Iho surface is much harder 
than the interior. The same re.sult is obtained by heating copper 
alloys in vine dust, or even in zinc vapour, which alloys with the 
copper. A siniila.r method is em[ilo}ed in the production of what 
is kno^vn as malic,iblo cast iron ; in this case the result aimed at 
ia-not the addition of a new element, but its extraction, cast iron 
being heated witli oxide of iron, which dccarburiscs the iron and 
renders castings .softer and less brittle. 



ciiAPTKR rr. 

PROPERTIES OF ALLOYS. 

Density.—TItf' density i)f an allny i-. lNlli]i'ncc(i (]) Iiy iIip j)iiiit,y 
of lliC iiK'l.il' of uIiH'Ii if, 1:4 ; (l^] llio Iih'oIi.mi ic:il licuf- 

iiH-nf if ii.is midi'|o()tio; (3) I in.' at, uliirh i(, ii:is hmi 

cast; and (4) liiu lato of fnidiiij^ 'riH;so l.icfs may Lo u ^rrat 
o.xtc)it ai'iaiiiiit for till' dis.ien'OinoDts wliowti in tlii' work ol' .Mallei, 
Oalveit and -Jolm.son, MaUliins-seii and Riclm. Tiieir wnrl^ sliowy, 
liowover, til.if flm deimif^ of an alloy m seldom the nie.tn of tlm 
densities of its coiistifiieiit inefals, soim'liiiie.s lieine eieah'r and 
sometimes less tliaii the mean. Tlio mean density of an alloy 
may he calculated from the lurmula 

M ^ ^ 

wlioio.M 18 tlio iiie.an deiisily, \V and w tho wejoliU of the con- 
stiLiicnt metals, ami D a.id d tlieir laspectivo densities. 'I'lio 
followm;,' allojs li.uo freqmntly boon given m examples *of cases 
in winch tlio densities are respectively greater and less than ‘the 
mean:— 


Allo)S wlifibd Dcii’ily Is ksa Ilian 
tliu Menu of ihi II Ci.iistaiti'iiH 
All and 7,\i 
All ,, Sll 
An „ III 
All ,, Sb 
Au ,, Co 
Ag Zn 

Ag „ Sn 

Ag .. Bi 
Ag „ Sb 
cu „ y,u 
Cu „ Sn 
Cii IVJ 

Cu „ Bi 
I'll Sb 

Ft M.) 

Pd,„ Hi 


Alloys whose I)< uslfv h i^nviki than 
the Mean of lie ir I'r.ii-liiiii'jits. 


All .uji 

Ag 

Au „ 

Fo 

Au „ 

I’b 

Au ,, 

Cu 

Au ,, 


Au 

% 

Ag 

(Ju 

Fc „ 

Id 

Fe „ 

Sb 

t'o 

Pb 

Sii „ 

Pb 

Sii ,, 

Pd 

Sa ,, 

Sb 

Ni „ 

As 

Zu „ 

Sb 
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Matthiessen also states that some of the alloys of tin and gold 
have a greater and some a less density tlian the mean of their 
censLituei>t8, and the same is true of the alloys of bismuth and 
silver, and also of the alloys of some other inelids. 

Very little recent work has been done on the subject, and it 
appears that the study of the densities of alloys has been con¬ 
sidered a V)iirren field of investigation. 

Colour of Alloys.—Of the well-known metals, only two—copper 
and gold--may ho said to have any very decided colour; hence 
it might, at first sight, bo supposed tliut the range of colour of 
alloys would be strictly limited. This, iiowcver, is not the case, 
and the colours proihiced in alloys are in many cases very 
remarkable and well worth a little consideration. 

In the first place it is well known that the metals vary in their 
decolon/.ing power, and Ledebur has arranged tlie principal metals 
in the following order:—Tin, nickel, aluminium, manganese, iron, 
copper, zinc, lead, platinum, silver and gold. Each metal in tins 
series has a greater decolorizing action than the metal follow.ng it. 
For example, it requires nearly 50 per cent, of silver addc i to 
gold to produce a white alloy; whereas the addition of only 10 
per cent, of aluminium is quite sufficient to completely destroy the 
colour of the gold. Again, an alloy of 75 per cent, of coj>per and 
25 per cent, of zinc has the well-known colour of brass; but if 
the zinc is replaced by tlie same quantity of nickel, we get the per¬ 
fectly white alloy so largely used for tiie (Joutinental nickel coinage. 

In addition to this property of destroying the colour of metals 
we have cases in which by tbe simple fusion of two metals the 
most unexpected colours are obtained. Tims an alloy of copper 
and antimony containing 51 per cent, of copper and 49 per cent, 
of antimony has a beautiful violet colour, and even more interest¬ 
ing is the case of the violet alloy of Koberts-Austen, produced by 
melting 78 parla of gold with 22 of aluminium. 

In these cases we start with one coloured constituent, but it is 
possible to obtain coloured alloys even from two wliite metals. 
The alloy of platinum and aluminium, for example, containing 75 
per cent, of platinum and 25 per cent, of alumiimm, is distinctly 
yellow, and resembles gold containing a small percentage of silver. 
Another yellow alloy is obtained by the fusion of 33 per cent, of 
aluminium and 66 per cent, of cobalt. 
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Heycock and Novdle havo drawn attention to the alloy in tlio 
silvcr-zinc senes cotre^poiKiiii;^ to tlio foimula A^'Zn, ulnch is 
capable of assumiit;^ a red colour when laeitod to about* "00° and 
suddenly chilled ; and it has also been shown that the coi lespund- 
ing cadluiuui alloy AgCd lias a distinct and very beai.Lii'nl pink 
colour. 

All theso alloys are formed by tho union of delimto atomic 
proportions of tlieir e(iUsUi nviits, and must bo rcgntdi'd rather us 
chemical compounds tli.ui as simple imUallic miiLiiies. They are 
perfectly hornogcncons, lirltilo alloys, hr.Mkiiig with a couchoidal 
fracture; projieities which render them ]ua'-tu,-ally useless to tlie 
art-Qietal worker. Theio ari“, huwover, a lar,Lto iiumher of URcfnl, 
if lcs8 bnlliantly colouied, alloys for tiio metal wotker to choose 
from, and an exeelhuit example may be lound in tho numeroiiH 
gold alloys employed hy jewellers and j^oMsmilhs. Some of ihoHC, 
with their percentage compositions, ate sliown in tho following 
table:— 





’ciiii[toMLion. 


Colour. 






Gold. 

Silver. 

Coppoi. 

Inai. 

(,'adliiHliii. 

Dec]) yellow . 

90 


10 



. 

f.3 

25 

2‘2 



Red 

75 


25 



Dai k red 

GO 


GO 


• 


yG 


75 



Pale yell'jw 

91 0 

8-3 




>» • 

91 0 



8 3 


Gieeu 

75 

25 




• 

75 

D. 0 



8-4 

i» ♦ 

71 6 

11 t 

O'? 


4-3 

>» • • 

75 

12 5 



12 6 

Orey 

85 7 

8 6 

... 

57 



83 3 


... 

167 


Blue . , 




25 


” • ■ 

637 



3.1*3 



The colouri d alloys used by tho Japanese in their famous art- 
tnetal work have been described by Koberts-Austen and others, 
but a brief description of them may ho of interest. Tho most 
important of these alloys are known as shaku-do and »hibu-ichi, 
■ Rud both of them are, within cert‘#in limits,, very vanublo in 
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composition. Two siimplos (jf ahahu-do, for example, gave tl [le 
following iijialxsis;— 


Cdppor 




1)1 -50 

96-77 

Silver 




l-r)5 

0-08 

Gold 




3-73 

4-16 

Lead 




0-n 


lorn aiei 




Ti.iees 



Otlier fiainplcs ii.'ivo lioen foiiml to contain as litlle as l‘r> pc 
cent of gold, but l.lic (uccions metal is an ess(‘nlial cniistituoi)’ 
of tlumdloy and enables the metal to assunn; a beautiful surface 
citlomaiig, or “patina,’' wbuu treat(?d witlj suitabic pickling 
solutions. 

-S7i//uiac/a" is a Copper silver alloy, and is fairly repre-.ciitcd liy 
the followitig annly-'is :— 


Copjier . 

. . 07 31 

61-1(5 

.Silver . 

. 32*07 

48 93 

Gold 

. . Tiaocs 

0-12 

IroD . . 

0-62 



fn addition to these alloys and their various combinations 
one with another there arc varieties of impure cupper, all of 
\vhich are capable of assuming dilfereiit coloms on piclvlmg. The 
pickling solutions most commonly used are made up of the 
following ingredients, and are used boiling;— 



I. 

II. 

III. 

Verdigris 

438 giam.s 

87 gt.uiis 

220 grains 

Siilpli it** of eopi'ta . 

292 ,, 

437 

640 „ 

Nilro .... 

■ 

87 


(’oiiiinoii -.alt . . . 


146 „ 


Siilpliiir 

Vinegar. . . , 


233 ,, 

1 gallon 

6 drachms 

Water .... 

1 gallon 

1 gallon 


Examples of the difl'ercnt colours obtained by pickling may be 
seen at the Victoria and Albert Museum, South Kensington, where 
there is a collection of fifty-seven plaques illustrating the dilToront 
sorts of bi’oiizo used in Japan. Another e.xcelleiit collection, con¬ 
sisting <if twenty four plates, is to be found in the Museum of 
I'ractical Geology in Jerm}rfi Street. 
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In connection wi(li the u'^c of cnlonti-d aliriys in urt metal work 
a brief refoioncG tu tlic J,ipim‘.se ’nioLiniir (‘‘wodd f'lam”) aiul 
iinzu-na<j<(^}ii may not 1)0 out of place An ell’cct olo^(‘^y r(‘.>etul)- 
linj; the grain in wood is pi odneed hv t.iking t hiu ,sln'(‘Ls of various 
uuitals and allov-.^ sneii a-, gold, •'\\\k-\', ^hiiLn iln, sht/n-ic/ii, I'te , 
soUiei Hig tlu'in to¬ 
gether, .tiui tin II 
eil.li(;r cm ling m 
deviei.' into ili i.i 
and ]i am 111 <■ 1 I I; 
tilO ulndc until 
Hat, or cKo ii.oii 
incroig fioin In- 

hind find tlmn lil- 

1 ,, I Id. 17. Jiii'.nicsi' Alt Ml f.d Work 

me down tlio pro- 

iniiK'in es. 'TIk; net hods am sidladiMitly well shown in tlio two illus- 
ItfLliniis tfegs. ITand I C'). i Vj I show s I In-ctrccl of t lu'so liaiidcii 
:dlo\ Sinn head Inch is only I hree ipiarloi.s of an ineti m djamelei. 

Specitie Jloat —'L’he most iiupoiLanl 
detclliilh itioiis c( the SJieeiru; heals ol 
alhivs \\(‘ie made by ilegnault in Ib'l I 
bor tlie puipiisi; of his iiivestigalioiiH 
he dividial alloys into two cl.isses 
tliosa; having a liising-point consid* laiily 
aiiove DO" C , and those fusing at,or 
iic.ir 100° (A In the case of tiio first 
clfi'S he coiieluded tliat the sjiecilic heat 
was an additive [irojiorty, and agieed 
closely with the calcuhited epecific 
heat obtained by multiplying the 
epecilic iuat of each constituent metal 
by tlio percentage ainouut of the 
metal contained in the alloy and 
<hviding tlie sum of the products by 
lUU. 'I'ins led him to amieiincc that 
“the Bpeeitie heat of tlie alloys at temperatures considoiably 
removed fiom tlndr fusnig-points is e\ae-lly the mean ol the 
bpecific heals of tlie iiulfils whicli compose tliem ” lie furtiier 
discovered that in the case ol lIk--,*- alUns the piodnct of the 
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speciHc licat of tlio alloy into its atomic weight is approxi¬ 
mately constant. In the whole series oxaiinncd by him this 
number‘only varied from ■10'76 to 42 05, On examining the 
second class of alloys, those which fiiso at or near 100* C., Regnault 
discovered that they did not obey hi.s law, and that tho specific 
heats were in all cases higher than those obtained by calculation 
from tho specific heats of tho constitncnts. Moi'cover, he found 
that the product of the specific heats into- the atomic weights 
varied from '15'83 to 7‘2'1)7. Itegnault’s conclusions have been 
confirmed by Schirnpff, wlio finds tliat, with tho exception of 
magnesium and antimony, the spocific heats of alloys agree very 
closely with the calculated figures. In the case of tho magnesium 
alloys tho figures are soinowliat smaller than the calculated 
results, while those obtained from tlio antimony alhiys are slightly 
higlicr. On tho other hand, Saposhnikoif confirms Ecgr.anlt’s 
conclusions but does not mention the exceptions noted l>y SchimpfF, 
although he has specially studied the antimony alloys. 

Malleability lias been described as the property wliich enables 
metals to bo permanently extended in all directions, without 
ru{)tiiro, by pressure produced by slow stress or by impact. The 
degree of malleability of a metal is measuted by the ease with 
wliich its shape or form can be modilic<l by rolling or liarnmonng. 
The order of mallcalnlity of the common metals is as follows:— 
Gold, .silver, copfier, tin, platinurn, lead, zinc, iron and nickel. 
Some metals aro less malleable whi'ti hot tlian when cold and are 
described as red akort^ while tlioso that are more malleable when 
liot aro called coH short. Alloys aro less malleable than pure 
metals, and the most malleable alloys are those whoso structure 
most closely resembles that of pure metals. 

Ductility is tho projierty which enables metals to be perma¬ 
nently elongated, ie. to bo drawn into v-’iro. Tho order of 
ductility of Mio coinmon metals is as followsGold, silver, 
platinum, iron, nickel, copper, zinc, tin, lead. Alloys aro less 
ductile than pure metals, and, as in tho case of malleability, the 
most ductile alloys are those possessing struclnros resembling 
pure metals. 

The hardness ot metals is measured in several ways. Bottone 
measured the hardness of metals by determining the time necessary 
to produce a cut of definite depth. Taking the diamond as 3010 * 
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tlio relative li 

i.idness < 

f a number 

of metals was i 

I'tcrmhna 

follows 

Maiig.iac^'" 


ur.e 

(tOd . 

979 

Cob.dt 


iir.o 

Alniiiiiiium 

S‘J1 

Nickel 


1110 

( Otiitiiiii til . 

780 

lion . 


1375 


7 '0 

Col.pci 


l.ico 

Till . 

Lfd 

P.Uuduini 


rjno 

h-.d . 

570 

I’latimiiii 


1107 


585 

Zinc . 


1077 ‘ 

(Jidi linn 

105 

Silver 


1)00 : 

Suciiniii 

•100 

Iriihniii 


984 

I’lit.ivnum 

230 


In the Hinrt'.T, aa deviaod hy Ihof. n’linu'r, a cutting 
mothud ia also eiii]»li)y(‘d, Inil iit this ease Lhc; liaidin'ss is iiuMsiirod 
by iiio pressure winch luust ho applied to a diamond jioint in 
ordor to prodnoo a seratch equivalent to a ataiidard scratidi on a 
standard metal surface. 

ih-inell ineasiires tho hardness of melds liy def m mitnnir the 
depth of the indentation produced by a hatd S[>li('io of knoun 
dimensions under a deluiito piessuio This nicliiod is tho one 
generally adopteil in engineering [irariic<‘. 

In an ingenious liltlo iiistrumenl invented Ity Shore, and known 
as tho sch'ioseopo, the hardness of a metal is nioasnrrd by tlio 
hoight of rebound of a small hammer wlncli is dropjjcd from a 
known height ilirough a graduated glass tube on to tho surface 
of tho metal to bo tested. 

It is obvious that tho word “haidnesH” is used to describe 
difteront properties, and that tlio methoils einphyed to dotermiuc 
tho hardness of metals do not rneasiiro the same kind of hardness. 
Resistance to abrasion as measured hy the scleiometer is not 
necessarily tho same tiling as resistance to eru.shmg a.s measured 
by the Brinell method : nor do we know definitely the relation of 
either of these to tho “ resilience” as measured by the scleroscope 
In any caso, however, it may be considered as a gctxual rule that 
tho hardness of a metal as measureil by any of the above methods 
is increased hy the addition of another metal. 

Thermal Conductivity.—Tho posvor of alloys to conduct heat 
has been examined hysovcral experimenters; hut it was not until 
858 that tho subject was thoroughly dealt with by Calvert and 
ohnson, who made a large number of determinations, using alloys 
TCpaied from pui^e inetaU, The a[)p*aiatus ouiployed consisted 
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of a box containincj a Itnowri voliimo of water; to tins box one 
end of the bar to bo tesLrtl was secured. Tiio oilier end of the 
bar wag maintained at a Loinpcralure of 90° C., and tho relative 
conductivity of tho bar dotennined )>y noting' the rise in tempera- 
tiiro in a [.(iven time of tho known volutne of water in the box. 
The conductivity of silver, svhich is the best conductor, was taken 
as 1000. 

Calvert and Johnson state that m some cases the conductivity 
of an alloy is tlie mean of the condiictivilirs of its constituent 
metals; but in many cases tiiorc apjiears (o lio no relation between 
tho two. For example, the <“oudii(d,ivitv of silver was taken as 
1000 and that of gold 981, ImL tho coiiiluotivity of gold containing 
1 per cent, of silver was found (o be only 810. 

These experimenters divide alloys into tiireo classes according 
to their conductivity :— 

1. Alloys wliich conduct lirat in ratio with tho ndativo eipiiva- 
lents of tho metals composing them - alloys of tin and zinc, and 
of tin and lead. 

2. Alloys in wliicli there is an excess of lapiivalents of tho wor.se 
conducting motal over tlio numher of equivalents of the better 
conductor, such as alloys compo.sed of one eipiivalent of copper 
and two of tin, or one of copper and three of tin, and which 
possess tho remarkable property of conducting beat as if tlioy 
contained none of tho better conductor. The eondiieliiig power 
o^the.se alloys i.s the same as if tho bar were composed cnliroly of 
the worse conductor. Similarly in tiio case of tlio bismuth-load 
alloys, those containing two equivalents of bismuth and ono of 
load, three of bismuth and ono of lead, and four of bismuth and 
one of lead, .all conduct alike, tlie decrease in tho (piantiLy of lead 
having no influeiico on tho conduoiivity. 

3. Alloys composed of the same metals as the last class, but 
in whicli tho immbor'of equivalents of tho better conducting 
metal is greater than tho number of cijuivaicnts of tho worse 
conductor. In these alloys the conductivity tends towards the 
better conductor. 

Matthiesson gives it as his opinion that tho conductivity of an 
alloy furnishes no evidences of whether an alloy is a cliomical 
compound or a mixturo. 

Electrical Conductivity.—The study of the electrical con- 
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♦ dactivity of alloys may bo said to have heroin with tlie [)ubli<-uLion, 
in 1860, of the I’csnlts of Mattliie.'.sen’s famous researcli. With 
regard to.tlio conducting |X)wor for electiicity ho divides the 
metals into two classes :— 

Class A .—Tliosc nicLals which, when alloyed witli om‘ amdlier, 
conduct electricity in tlic ratio of tlioir relative volmncH. 

Class B .—Those metals wliich, wJien alloycil with one of the 
metals belonging to Olass A, or uitii one aiiotlicr, do n>it eonduel 
electricity in the ratio of their ndalivo volumes, but always in a 
lower degreo than the mean of their volumes. To (Jl.iss A belong 
lead, tin, zinc, and cadmium. To Class B belong bismuth, 
mercury, antimony, platinum, palladium, iron, ahiminimn, gold, 
copper, silver, and “in all probalnliLy most of iho oilier metals ” 
Matthiesscn showed that the electrical coiuhictivity of any 
series of allays compo-icd of two simple niulals may ho lepic- 
sented graphically by ono or otiior of three typical cur\es which 
are respectively straight lines, L,-sliapcd, or [J-shapi'il 'I’he 
metals of Class A [iroduco alloys whoso conductivity is repre¬ 
sented by straight lines; tho.se of Class A with (Jlass B by 
L'Shaped curves; and those of (d.iss B witli one anollier by 
[J-shaped curves (sec Cliap. XVJ.). 

At the conclusion of a roscaicli wliidi lh»h(‘i't-s-.\iisl(‘ii has 
justly described as classical, Matthiesscn considers the iiaturo <tf 
alloys and sums up his arguments in the following manner — 
“The question now arises, What are alloys'f Are they cln-imccll 
combinations, or a solution of one metal in another, or mecJiaiiieal 
mixtures 1 And to what is the rapid <lccrcment in the conducting 
^power in many cases due? To the first of these questions I tliiiih 
we may answer, tliat most alloys aro merely a .solution of one 
metal in tho other; that only in a few cases may wc assume 
chemical combination—for example, in some of tho g'jkl-tiii and 
gold-load alloys; and wo may regard as mechanical huxtures sonic 
of tho silver-copper and bi.simith-/inc alloys. Thu reasons for the 
foregoing assumptions are the following :— 

“ 1 . That if wo had to deal with cliemical coiiihmatioiis wo 
should not find in the conducting power of alloys tiiat regularity 
in tho curves which certainly exists; for on looking at those 
belonging to the dificrent class(?s wc ^seo at a glance that each 
class of alloys has a curve of a distinct and bep.u.itu loim. Thus, 
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for tlio first, wo have nearly a straight lino; for the second, th© 
conducting power always decreases rapidly on the side of the 
metal belonging to Class B, and tlnm, Liiniing, g(;cs ahiiost in a 
straiglit line to the side of tlio metal belonging to (dass A. For 
the third group, wo find a rapid <leeieinent on both sides of the 
curve, anrl the turning-points united by ulinu.st a straight line. 

“If wo now examine the part of the curve where the rapid decre¬ 
ment takes place we find tliat in the lead and tin alloys it gener¬ 
ally requires twice as much of tlie former aa it does of the latter 
to rodvico a metal belonging to Class B to a certain conducting 
power; for instance, to reduce tliat of silver to 07 it would require 
0’9 vol. per cent, of lead, or about 0 5 vol jKU' cent, of tin ; to 
reduce it to 47'6 there would bo reijuircd i‘4 vol. per cent, of 
lead, or about 0*7 vol. per cent, of tin. Again, to reduce bismuth 
to 0-2(11 there is n'quired 1-4 vol. pcir cent. t>f lead, or 0-G2 vol. 
per cent, of (in ; and to redneo it to (he mmiiuum fioint of tho 
curve, which is when alloyed with lead 0 255, ancl 0 215 when 
alloyed with tin, it requires L7t) vol. per cent, of load and 0'85 
vol. per cent, of tin. 

“2. W(3 cannot explain the renson of tiio decremeut of tho 
conducting jiowers by assuming that tho turning points of tho 
curves are chemical coinbin.itions, for it is not at all proiiahlo that 
there arc such as contain only 0 (1 per ce.nt of tin and 99'4 per 
cent, ’of bismuth; or 2 per cent of lead and 98 per cent, of 
biknmth ; or 2-G per cent of tin and 97 4 [ter cent, of silver. 

“ 3. That the alloys at these turning points have their calculated 
specific gravities. 

“From the similarity of tho curves of alloys, where wo may 
assume, from their chemical behaviour, that wo have only a 
solution of one metal in another, we may always draw approxi¬ 
mately tho curve of tho aIio}s of any two nudals, if we know to 
which class thby hclong. Thus, heforo a single coppcr-gold alloy 
had been detonnincd, the curve was uhno.st correctly drawn, and 
agreed with that winch was afterwards foiiml by exjieriment.” 

“ That some alloys are clirmieal combinations,” he adds, “ may 
be deduced from the following facts :—• 

“1, At the turning-points of tiio curve wo generally find the 
alloys contract or expand. 

“2. There is no regular form of curve (goliktin, gold-lead, and 
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silver-copper), so tiiat it cannot ho a prion oven apnroxinialrly 
roprchOijti;d. 

“3. At IIk' tuniinj.::-pouiU Lliu alloys contain laij^e pciecnta^^es 
of eacli othci-. 

“4. At the tiirniiii^-poiiil.s of the curves the alleys are (iillerenb 
fioni each other iti a|)pcaraii(H) (eryslalliiie form, ele ).” 

T<) the seeoiul <jiiestion, “I'o what is tlie rap cl doeremeiit of 
tlio con<liietivity duor’ Afalt hi<'ssen says, “Tho only aiiswc'r 
which 1 can at present ^ivo to this ipiestioii is that ni<»st of the 
other physical properties of tlio metal ar<3 altered m a like 
m.uiner.” 

In a later rcscaich Matdne.sscin ch'teiniini.sl the electiieal eon- 
duetivity of a laroc niiiuher <jf rdlovs aiul e^lal)il,slll.'d fonnuhe 
by winch the conductivity of an alloy at any temperature mioht 
be calculated*. 

More lociMitly Lo (lliateher, woikino with greatei' ramies of 
temperature, has shown that in the case of mcAals which do not 
undergo any molecular ebangu at tomperatuuvs below (luai 
mell ing'pimits the inci'c-ase of ehaitncal rc'sislance is pii^[U)r( lonal 
to tlio. lempi'iaturo. Many metals, liowever, such as iron, exhibit 
irregulaidies in the. resistan(a.'s which oecui- at delinite teinpi'ra- 
tiucs, and are evidently duo lo molecular or allotropic chaimi'S 
in the metal. Similar changes aio also shown in tlio case of 
alloys. 

The electrical re.sistance of metals and alloys at very lo \0 
tomperatures has been studied by Dewar and Memiiig, wlio ha,vo 
shown that in the ease of jmre metals tlio resistance decaa-ases 
with tlio fall in temperature, an<l the evidence tend.s to sliow tliat 
at the absolute z.cro all Ihc metals would be praidically perfect 
conductors. In the e.aso of alloys, liowever, tlic results are 
entii'oly different. TIio resisl.inco decreases only slightly a.s 
the temperature falls, and in many cases the«n‘.sistai.«jG at - 200” 
is almo.st as groat as at 100”. The ligures obtained by Dow.ir 
and Fleming for a number of alloys and metals are given in the 
following tables ;— 
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Lord ll.iy]rid|i ;i [m ^ililc r\[.|,it) iMou tor i ij,' mmi.ii LmI'Ic 

(iilVciciico m tile IicIkin min' of ;illn \ s mid pm i; im i 'tl:-, \\ n h t i'm td 
to t heir elect I ical Ie^il^llU||'e, im fhe ,l^,l|l^pl ioudf t hr ln't ' i \ 

of the alloyii Accamlnn^Mo tins \i''a, ulmii a ciiiimi jnsMd 
through an alloy, il sets up In't-aoeii tim p.nlnde^ of' Ihe liilh o ut 
metals a senc>, of I'ldii'T rile, fs pr-'poi liieiai to the cui imt, and 
tiiose cicaLe an op|i 'nig eleeti oiimli ve hare aisi; pi opm I nai.d to 
the current and illd'-^Lnlgul^il.lil!e, as far as ('xpei inmni ^ aie 
concernecl, from <i icm.^Lauee. If (he .d] <\ uere a tine rhimiira] 
compound this oppo-^nig foii^e woidd not ovist. 

'I'liis oxpi.uiation is nndoiihi■ diy of g,service m considi iitig 
heterogeneous alloys. Imt it must Ik; triiii«ii!irisal*tdi.(t, m the 
case of the most peifcctly li(mio'.:eii(‘oHs ,'illoy> hnown, n.mielv, 
those of gold and sil\or, tlio alloy eoiitaming aioime ]a<iporl.ioit^ 
of the two metals and coii'espondiiiL’’ to i he foi iiinla AuAg h:i' 
the highest, iesisfaiiei- of the SLrie>>. .i I'm i uliah can onlv he 
explained hy a-'-iiming, U'. has herjj ''Upm.^Led, tlj.it the I'eltier 
efTects oectir betwi'cn tlie molecules tlmumel-i e-, 

The variations ip the eleetncal lesmi.iueo of aimdg.im^ at 
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difTereub toinpiM'aturoa have been invisligalvd by Mr U. S. 
Willows. Ylio ;uiialga!n^ c.xpcnincntrd upon iiiclinie tlio^o of 
tm, zinc, caduiiiiiji, and in.igiKsiijui; but Hie itiost piteio.sting 
of these is the auialgain uiHi /.nie. b’ur a given atnalgain two 
ciirveB could bo obt.iiucd winch dill'erod entirely in certain 
important characteristics Thus, fur example, if, after detcr- 
niiiinig tlio reHihtance, (ho niiial^ain was In'aU'd and allowed to’ 
cool and tho rosislaiice again determined, it was found tliat it was 
greater afler lieatiiig tlian befuio. ’i'his could bo lepeatej several 
tunes, tlio increise in the rc.-.istmiec be^'oiinug less and loss, until 
after heating about six tunes itwasbamd thal a fin i lior beating 
did not iiicj'oase tbe. resistance, ^\'ll^n this coimIiimmi was reached 
tho resistancoa at various tcnpieiatures were d'Oi-Mtiiued and the 
ivsuh.s plotted in tlio form of aemvo. Tho amalgam was then 
allowed to stand at Hie (ampriafuro of the room lor se\eial weeks, 
ita reaisUuicc being m. .uui ed eveiy morn mo at llie same t aiipera- 
ture. It was ibmid (hat (lie i'',,is(ance gr.tdu.aily fill .slowly for 
tho lust three <lays, most lapidly ahoiit tlu* sevfuth, and then 
again mora* slowly. In soino ea^ea it (ook -,si.\ weeks for tho 
resislanco to hecoiiu' steady. A second sei’iea of deicrnnnationa 
were (hen made, when it was found tii.iL the curve ao olitamed 
(litTei'cd entirely from the tirst. 

Many utlempts luue been made to It ace analogies betwoon 
nndallic conduction and the electrolytic dissociation of salt bolu- 
Hons, but so far without sucerss. )n 18CH (Jerardin conducted 
bomo experiments on scdiiun amaig.im, from which he concluded 
that (ho metals might bo separated by iihmiis of an clee’tric 
current; but Dr Ob.ach, wdio rejicuted his e.xjieiinienLs witli great 
care, was unable to ol.itain any evidence of dissociation of the' 
amalgam. In 1887 the question was again investigated by 
Roberts-Aiisten at the re(}uest of the Fdcetrolysis Committee of 
the British Assoeiatim. He e.vperiimmted upon alloys of gold 
and load and silver and lead placed m cavities cut in a fire-brick 
and maintained in a molten stale, but was unaldc to detect any 
separation with currents of 300 amperes. It must bo remembered, 
however, that at the high temperaturcH empio^^ed in these 
experiments tho dilTu'.ion must liave been very rapid, and would 
probably be more tli.iu sufheient to counterbalam/e any separation 
of the metals duo to the electric current., With reference tq 
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those experiments it has hcon <l hv IVofo^^-^or Lod^o tiiat 

there must bo a ^lonp of bndi.'s on t)ie b irdorLtiid boiwooii allovs 
propcrancl olooliol_vtos, in wliioh soitio oiadiril chant'o fruin \\liolly 
motalho to wholly elect roly tic eoiidiictii.n niiyhr lx) expected. 

DifTu^ion. - - ft ii.t.s lomr Ihs'ii kmnvn that yeihcs a hioh do not act 
chemically upon one .mother aio cap.ddo of nuxiiic: unifoiniK or 
difrusing into one anotlier, even il the vev^eJs cont.’iinnif' ihem are 
only connected by a narrow tube, and if blie vessel eontaitnno the 
lighter gas is plaeed ,ibo\o that cont.miMig tlie heavier Lras. I'lie 
same property of (1ll)'le^lon is ohscncil in lupiids, and bDc.oines an 
important factor in the inaniifaeture of alloys, [t is o\)detit, for 
example, that mere iiiech.imcal niiMiig could iiaidlv ptodneo tin* 
uniformity which is found in tlio a.llov of gold and co|)pia U'cd 
for purposes of coinage. In this c.isi' I'Ji'O o/s of the all..\, cou 
taining Ibtdozs. of gold and lOO o/s, of i oppi)r, aie melt'd at 
one time and ca'>t into bars, alien iL is found that an a.ssa\ of the 
last bar is piactacally nheilical with that of tin: Hist. 

Tho (jiu's! iiiU of the ditfusion of mi t ds was taken up liv Rolierts- 
Austen as a ••onl inn.iLion of tlm wuik of {ir.tiiam on ga'-es and 
liquids, and in IStld ho conintunieati d to tim Koval Society the 
la^snlts of liis invi'^'tiLfalaoiis on the diii’N--iixi of eold and pl.itmum 
111 load. In tlu'sc evpciimfiit.s tho nu.llen metal '>\as contained in 
tubes placed in an atr bath, winch w.as nianitaincil at deliniLc 
temperatures. 'I'ho extent to wlm-h dilihsioii had taken pla^e was 
determined by allowing tho metal in tho tube to solidify afi'T A 
given time and anal,\sing sections cut from tlie 1-ar. Tho lun ar 
diffusion is expressed, in aeconianee a itli Kick’s law, by tho equation 
do _ jd'‘o 
lit ~ 

wnero ic is tlic distance in the dnoction in which clirTiisioin takes 
place, V is tno degree of concentration of tho dillusing nietai, and 
t is the time, k is the dill’iision constant, ai^d is tlrt) quantny of 
metal in gram.s diff’using thiongii unit area (ono sq. cm.) in unit 
timo (one day), when unit difference (ff ooneentiation (in giams per 
0 . 0 .) is mamtamed between tho two sides of a la\er 1 cm. tfiick. 

fig. lb tho diagram given by Rnberts-Austen to show the 
relative ditfusion of gold and platinum taking place in a perio<l of 
twenty-four hour.s in molten load at tcinperaturo of 500'’ C. 
The colunius AB represent the actual length and diameter of 
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columns of Icml, iuhI tJio s|.|i(‘U',s M'tit tlifi sizes of tlie 
bufloD .of geld :u;() [ilallijniti (.'Mi'K’Icd lioin llic sections of llie 
<'(>ltitiins as 'Fho ennes aio plotted with disfaiiccs of 

ditiiisiuii as oriliinilrs, and conciail ra l ions as altsc'^sa?. 



loo. 10 —Pillusion sf OnOI (uid PliitiniiTii in T,i ad. 


. d’lie <loleiiiiiitatiotis ol / for a lew 7tic(al' am in the 

follow Ilia tahle : - 





K 111 '■iin.iri' 

■I'lihnirl ICS. 

Diirnsuig .Mrial 

S-ds - Ti; 

T' iii[j''i.iliin- 

1>€T J.IJ 

)Vl hCculid. 

Gold 


■102" 

3 00 

3-17 < 10-’ 



■192 

3 07 

3-55 X ,, 

Phitiinini . 

• . 

•192 

1 00 

1 90 X „ 


M 

•192 

1 -oO 

1 90 X ,, 

r.oid ■ . 



3-10 

3 09 X ,, 


I’l-iinitli 

Tni 

“i! 

4 52 

4-06 

5 23 X ,, 

5 38 X .. 

Sil\<'r 


555 

4 14 

479 X „ 

Lead 

Lead . 

555 

3-lb. 

3 68 x „ 

(Jold 

550 

3-18 

3-09 X „ 

hlioduiiii . 


560 

3'Oi 

3 51 X ,, 










PROPKUTIKS OF ALT.OYS. 


55 


|^_V way of coinparison with tliest' liyurc's the results of some 
<101^1 iiittialioii.s of the (lilluMoii of niotils m inou'iiry puhlislu-il hy 
Dr (iiitlirjo m PSS.'J liavo heoii oalculatcd by fhr stino nictliod 
and yi\,‘ till' follow 111^ v dii'.' of /r in 'ij r-iiH por<i,iy - 


'fill HI mi'iimrv at about I.u" 

• I -22 

Twad „ 

• 1 -00 

i^lHC „ „ 

• l-IK) 

Sodium „ ,, 

• oar. 

potassium „ „ 

• oao 


Those rosidls }ia\’e Miir.o li<’(*n piat'.tically (amlirnunj by 
ITiitnplnevs. 

Difrusion of Solid M.dals It has hni'' been know n (h.i t solid 
brxiies aic ca['al)!e of dif]ii>ino intcj one another, ati'l llu; old 
[iioi'i',-,ses of’cennnital.ion ;ue based ii[io!i tins fait; but it is only 
within coinparatively recent \eais (iiat tfio subject has reecaveil 
Kenous aitcntioii from a tlienrotii'a! jioint of view. In 18‘20 
Farad,ly and St(j(|ai t, w bihM-vprt iiiienl ni”; tin tin; alloys of iron, 
obseivtiil tiiat steel and plalimnn in the form of bnndlea of win^ 
could be readily wiihhd at a temperatiiro eonsi(]cral)iy below tliat 
at wliii-h either of the* metals alone would be alh;e,ted. They 
further ol)^ervcd that on elehmi,^ the welded mass with acid the 
iron ap[>eared to 1)0 alloyed with the platinum. More than lialf 
a eentiiry later (in 1877) Chenioll'drcw attention to the fact that 
if two surfaces of iron are he.atcd to .atimit GoU'’ in iiitimato con 
tact with ono another they will unite. From this date the, 
publication of researches on tiio diirnsion of solids became more 
freiinoiit. Tn 18S’2 S[irmg donioiistiated fiiat alloys m.ay be 
produced by coinpr'‘ssioii of their constituent metals in a fine state 
of division, while Jfalloek in 1^88 showed (imt siniilar results 
could be obtained witiumt the aid of piessure, but at somewhat 
higher temperatures In 1804 8prmg showi‘d that*two carefully 
[irepared surfaces of two metrds piessod together and maintained 
at temperature.s of from 180° to -100° for eight hours would inter¬ 
penetrate and form alloys at the junction of the tv\o metals. 
4'he first actual ineasuiements of the rate of diffusion of s^’lids are, 
however, due to llobmls-Austen, who <;xtendcd his researelies on 
dilVusion from tlio lltiid to the solid state, and in 189G jmlilislicd 
the results of whatsis now justly considered one of the classical 
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researclics on alloys. Ho determined the mte of difTiision, h, of 
gold m solid lead at various temperatures, and his results are 
given helow, with the rate of diflTusion of gold in fluid le^d at fihO* 
for the sake of conijianson :— 



K 
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In order to deterniiiio the rate of (Infusion of gold in lead a 
the ordinary temperatnie, discs of pure gold were clamped to the 
ends of cylinders of lead "88 cm. in diameter, and Lhes(j nuro kept 
at tlio fudinary teiujieraturo of the atmospiicro for a period of 
four years. At the I'lid of tins time it was found that the discs 
of gold adhered to the lead cylinders and that dilFiision had taken 
place. ISlices \v(iio cut oil’ the cylinders, the first 0*75 mm. thick, 
and succeeding layers '1 3 mm. thick, and these were tlien assayed. 
The lirst layer was found to contain as mucii as I oz. 6 dwts. of 
gold per toil, while the fourth layer was estimated to contain 
l^dwt. per ton. Krom these results Uoberts-Austen calculated 
that the amount of gold which would ddfuso in solid lead at the 
ordinary temperature in one thousand years wotild be almost the 
same as that which would ddfuso in molten lead in one day. 

Liquation.—When two or more metals are molted together ainJ 
allowed to cool it seldom happens that the resulting alloy solidifies, 
or freezes, as a whole and at a definite temperature. Usually one 
portion freezes first, rejecting another portion of dill'erent com¬ 
position, which then solidifies at a lower temperature. This 
property i.s known as li'iuation, and has been made use of in the 
well-known Patlinson process for the scpaiation of silver from 
lead. In this process it will bo remembiTed that the lead con¬ 
taining silver* 18 melted and allowed to cool slowly, the almost 
pure load being ladled off as it solidifies, leaving a still molten 
alloy comparatively rich in silver. 

The property of liquation has been long known, but it is to 
Dr Uuthno that wo owe the first systematic investigation of the 
problem. Ho considers that the solidification of a molten alloy 
is analogous to the solidification of a mass of molten rock in which 
the quartz and felspar soliiify before the mic^. So, in the case 
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of alloys, a cerliain metal or alloy solidilios first ami eventually 
leaves behind tho most fii'ohle alloy of the aeries. Tliis alloy 
Dr Gutlu'io calls tlie eutectic alloy. 'I’lio con.stitnent ihelals in 
the eutectic alloy do not occur in atomic proportions, and ho 
remarks that “ the preconceived notion that tlie alloy of niimmum 
temperature of fusion must have its constituents in simple atomic 
proportions, that it must bo a chomu-al comjamnd, seems to liava 
misled previous investi;];ators.” Ho admits tho existence of com¬ 
pounds, but declares that “tho constitution of eutectic alloys is 
not in tho ratio of any sim[)le multqilo of their chemical c^piiva- 
lents, but their composition is not on that account less fixed, nor 
are tlieir piopeitics less delinite.” 

The j)licnonienon of lujiiatioii has been lonp; known in tlio case 
of the copper-silver allo\a, and, owing to the inipoitance of these 
alloys for coining purposes, they liavo roemved considerahlo 
attention. D’Aicot in 1821- and Meickicin in KSiM both 
pointed out that the alioy.sof silvi-r and copper are not liomo- 
geneoiis; and fa'vol, in Idol, as the result of a very careful 
mvc^tigation conducted ou these alloys can't in both cubical and 
spherical rmnild.s, came to tho conclusion that the only liomo- 
gencuns alloy of the series was that Ooiit.iiniiig 7 Iper cent, 
of silver, which ho considered to bo a definite combination of the 
two metals corresponding to tho formula Ag^CUg. 



Fm. 20.—(Uibo showing luiuatinn of Silver mid Copper Alloya. 

In 1875 the question was taken \ip by lioberts-Aiistcn, who 
repeated Level’s ^.i^penments. He drew attention to the iiilluence 
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of llit) r:it<* of (.•ooliiii' no hfjioitino, and sIkiuciI that in tlio ease of 
an alloy cootaiuiiin liL’5 [(aif.'iof silver ;ui<l 7’) paiis of mppev 
very cloudy cooled in a eiilueat mould 45 niin in side, the |na.xiinum 
diilerence in roinposition \va,s only I 1 per tliousatid, hot a> much 
as 13 pi.T Ihoiisand when i.ijudly cooled. Ills li;;ines are ^iven 
lielow, to;r,>(),,T uitli Ji i|ia^*rain (li-. 20), showni^' the position in 
tin' eiihe eiu !'( ^ 2 )oiidiM;; i! Ii the as''ay,s ;— 
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and till' coiucis) 1 •40 pci (licusand 


Some years later iioberts-AuHten roturn<‘d to the subject, and 
by means of coolm;^^ curves taken with the roe<jrdiiio pyrometer 
showed that I>eva)rs alloy was the only one which solidilied at a 
definite tem[)eraturo. Iloycock and 5,'ovillo, and Osmond have 
also shown that Level’s alJoy i.s the true eutectic of the series. 

Mr It. Matlhoy has <nvestij.(ated the li<jiiation of tilloys of gold 
and silver containing lead and zinc as obtained in the extraction 
of gold by the cyanide process, and his results are extremely 
imjKjttaiit. An ingot of this typo weighing 120 ozs. was found 
to contain GG2 parts of gold per thousand at the bottom corner 
and only 431) at tiio top. Another ingot weighing 400 ozs. and 
containing IG'4 per cent, lead ami 9'5 per cent, of zinc was 
found, on separating the whole of the precious.metals, to contain 
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514 0 I'jirts per and silver 75 S p.i 1 1 s per flmusand, 

and its value '\a^ reclenie'l at jCId'JS 'I'im' valm', cvri-, as 
calciil.d rd, fi'oin llie iin-.m of I'oni t t-oii .I'-.ivs on the luiM't'was oidv 
^£955. In tlie ease <u’ pnM anil iane. Mal.tliev found iliaL tlx' pn>li| 
tends to luju iLe towards llie rciHje of ilia nut'-s, lait onlv slodilh, 
An .'diov I'oniainnnr ^tH) paits of oold and ?(H)of /jm,! ni (he 
form of asplirie.'i in in diaimder was found to l»e only I (,o 
parts per thousand rieher in tiu' centie (liaii at tlio outside, 
head l)eha\'es in a snnil.ir manner: hnt the lupialion is more 
inailvcd, the eenlie <jf a splieto conlainme: 50 pm- cent, of lead 
benny 29 paiLs per tiioimaiid rieliei than the onl,^l(le. Wln'ii hoth 
lead and zinc are [11 e'ent tlio Iniualion is .st ill nnne inu kcai, and 
in the ease of an alloy eontaininy 15 piT cent, of leatl and 10 per 
Ceiir. of zinc tlie splieie eoiii uiied 057 pails per fhoii-.aiid at the 
top, 755 in t’he cenl.te, and 790 .il ihe h uloui In eoinieelioii with 
these alloys it is a mu ions fact t ha t if (lii‘ ip la iif il.v of silver presiuit 
IH not less than two-tlmds that of llic lead and zine toyeliier, they 
siiiuv veiy liUh' tendoney t<' lapiaie, and an alloy eontaniiny 55 
pel cent, ynld, 7 per rent, /.me, (S per eent lead, ami 20 per eont. 
silver, was fonml to be piaeln allj homr,-- ni ons 



CnAPTRK III, 

METHODS OF INVESTIGATION. 

Tni! experimental diflicnltios oneonntoieci m any attempt to 
inquire into the nature and cnns.t-itiition of rnctalg anjl alloys are 
by no means inconsiderable, and tiiiiil conipaiatively recently the 
subject has h(H‘n one for spe oilalion uiul hyj>o(iiesi3 ratlior than 
for any positive knowledge, Thc^c diflicnltios, however, have 
been largely overcome by the improved methods of modern 
research, and befoio dealing wiLli the constitntioa of alloys it 
may bo well to consider the vaiious methods which liave been 
employed in tbeir inve^li;^^atlon. 

These have been conveniently classified by Robeits-Austen and 
Stanslield under the following hr,ads:— 

1. The Chrinical (iroopiii'a of the Metals in a Solid Alloy. 

2. The Si'paration of the (.'oimtitnrnts during Sohdilication. 

The first of these includes the following methods of investi¬ 
gation :— 

а, Tlie specific gravity of alloys. 

б. The clectneal resist aneo of alloys. 

c. Itill’iision of metals in alloys. 

d. Electrolytic conduction. 

e. Thei mo-electric ]>o\vrr. 

/. The heat of comtnuatiou of metals to form alloys. 

g Tiic olecfri'inotive force of solution of metals and alloys. 

h. Isolation of the consLituonts of alloys by chemical methods. 

?. Microscopical exaniination of alloy's. 

The second group deals with those methods involving a study 
of the Bcparalion of the ci^istituents of an alloy on solidification, 
and includes— 


00 
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(a) MeciJiUreiriont of fall of Icjopfiatiire during H(']niilication 

by nu-.uia of a pyromclor. 

(b) Moplianical Kcparal iijii uf the cniisLiUu"its of *iin alloy 

by heating to delijiite tciiipri’iftue';, and dianiin^ oil or 

pressing out tne luiuid portn.n. 

(c) Investigation of tlio changes in ihi; inaenolF) ciiaractor 

of certain alldvs during Iiral mg and ctsding. 

The liot four of Llrnsn nietlioi!';, \i/.. tin! dotcrinmatK)n of 
Mpecifjc gravity, electrical rcMst.an-c, dillu-am and elrciK,lytic 
conduction, liifvc alrc.uly Ik-cii t•()n^ldl■^ed under tlio “rropcTtios 
of Alloys,and nci'd imt bo dealt uii.h hern. 

Thermo-electric Power.—Tins lunp. rrv has been sngg(‘stcd as 

a means of tlirowing light on tiu' narnie of a!Io\s, Imt has not 
been very fruitful in rcMilts, (.wing to the fact that a changu in 
thornio-elcclrio power may l.o caused hy an alluLinpio aa well aa 
a clienncal cliangc. 

The Heat of Combination of MiTals to lonii Alloys. -A gicat 
many m(?tals evolve Inait when united, sikIi as aluiniuniin and 
copper, jdutinum and tin, ai-si me and autimouj,, ],ioiiuth and 
lead j while the union of others, such as lead and tin, is accom¬ 
panied by anabsoiption of lical,. In tins ca^o tlio aijonpii.jn of 
heat is small; but there is an (.-xampio nf an alloy, (imt described 
by Mohr, in winch a very marked loweimg of tcmpiuatiao can 
be produced, 'I’his alloy is foiined by taking (inely diud.ed tin, 
lead, and bismuth in their etpuvahmt ptop.utions and rapidly 
mixing them with eight oquivalcnls of meicurv. Jn this v,ixy 
the temperature of the mixture will acluall} lall fiorn -j-17^ to 
- 10® C. The determination of the in-,it of condimatioii may ho 
made by adding one metal to anotlier m the nmlt>!n state; but 
in the case of solid alloys tlio deleimm ition can only be ariivcd 
at by indirect methods. One such iiaP hod con.sists in comparing 
the heats of solution of the alloy au^l of tjic scpn.j’ato metals in 
acids; but this method is open to objections. Lord Kolvm, 
Galt, and Oladstono have made deterinm.atioiis of the heat of 
combination ; but, so far, tiio results bavo not added mucli to our 
knowledge of the constitution of alloys. 

Baker (PAiZ. Trans., vol. exevi, p. 529) has made determinations 
of the heat of combination of a large number of cofiper alloys. 
The method adopted consists in determining the dilTereuce between 
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tlic lio.'its (>f (Ls>Kluti(jii .if Uio ;vlJ(iv ,iml an Oi|ni\ivlcnf, of 

its i'oii'.| i) iifiiLs III a snilatil(j sol\ci)(, Tlu.' .so)\>‘n(,s ciniilincl 
we)‘<' an .V|ncoiis snlnUon of clilotiin'. a mi\Lith' of ainimjinuiii aii<] 
fi'iTic oil I" I III*"', am) ,i !iii\( ni I' of a III 11 ioii 111 111 .1 ml m [trie ohlorHLi^ 
111 the (ascof Uio .'opj ('f zmo alloyrt tim <‘\iioi iiiioiits .stiow 
tiiat — 

1. TIuto is an n\olnlioii of lj< iL in l,lio fwniMlion of all flio 
alloys. 

3 . 'riiiH (.solution of IumI, umi'Iios a niasiiiiuin in flic <‘as(; of 
tin? alloy concsiiominjo to (he foiinnla ('nZii„(/'’. 32 per omif. 
of coppi'f) 

The Elcctruinotivc Force of Solution of Mol,'Is and Alloys -- 
rills nictln (i h.m ln'cii iisi'd liy L.iiinc, .iml li.m oivon ino-'f v.tluaMn 
evidence as to (he e\i • 1 1■;ico of compoiin l^ in alhn v. TIk- mi l IkhI, 
as einploy<'d i»y Lain m, upon the lad i li.a, if in a ^.il v uiic- 

eell - .say, for e\aniplc, a l’aim‘]] .<,)| (hr /me pl.ilo is lept.iccil 
l>y a rompotiml pl.ile imiiic 1 )\’ jommL’’ li’ucilirj lo(|,^ or platc'. o) 
copper and /me, ( he elerfi omul i\e I'orrc is m.t allorod ; this is 
fhe case even if (ho /,nic sniJ'ace i,-, only one tlioiiMndtli 
part of rho coppim sniface If now llm zinc plate in ,i 

Ifaniell cell is n.p!.I hy zinc aihos roiil.iiniiie; ineil■,l•^m^iv 

lareo iK‘iovn(.io<‘s of m [ipia, i(. is foiiml ihil, (.he (deei romotivi' 
force does not \,ity apjin'ouhly milil an alloy coni.niiiiij ^'30 per 
cent, of copi'cr i.s reached, when then' is a siiddm fall m the 
elyi'tiomolixe lotre. lf|oin ihm it is atoned that ni l.liii> alloy 
there IS no fiec zme pre■^(■llt; hut lhat it is all in comhin.ition 
witli the copper, and foimsan alloy wlm-ii may he repieseiitod hv 
the formula (aiZiij In the same way with the eoppri i.in alloys, 
a sudden chaiih^e in tlie eleetioinotue force is noticed when the 
cumpoMtion of the alloy coi lc•^ponds to a foimula Sidlu^. i\Toic- 
over, if an alloy Oontamin^ an exeess of iin bo employed the 
excess of tin is.disvolce.d out until the .same alloy SnCn,, is reached, 
when no I'urther ehanoe occurs. The.sc lesults boar out thee\ ideticc 
obtained from tlie dclctimnations of the density, theimal and 
electrical condnctivity, ami also the microscopical exannnation and 
cooline: ciirvca. These u'lll be discns.sed later. 

Isolation of the Constituents of Alloys l)y Cheimcal Means. 
— It frequently happens that one consiiiuent of an allny is less 
soluble ma ^iveii solvent than the remainder^ of the alloy, and 
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this ]? more especially the ca^o when ctmipouiels ate pi.'M'nt. Tt 
IS therefoi'e pn‘'Sil)lc, hv iiMii^ a scihciii. Id (h'.solve .iwav 

the more suluhle purtmn, ami tins can oftni l)e f.n iIimimI 1 ,\ the 
cmjiloyment of an electric current I’he icm.Iim' can then he 

lilteied oil' and analysctl. Idi(-fdoi,||,li ^ js an ex.nnplr nf a 

eompouml sepaiafcd m this way 

The Microscopical Examination of Alloy.' 'rhe e\idetie.' 

ail'nrded by the mici o'^eojx', m ict.iiion (o ilic eon-^fii tn inn of 

.dhpb, has lieen of Midi value (h.at it may uiLh ,id\an(.ap'u ho 

eniiMdei(‘d at huiiK* Iciie: h 

'file sy.stematie siiaiy of I he i la line of m- i ,U a-^ 11 \e,iled hv 
the micniscope w.iv (ii>t iindci iakiui l)y Jlr.'^oil'v of Shclliild as 
an ml rod I a-tint I to the study of luci cot le i ions It w .l^ a. naf ui d 
thmi(, he says, ‘‘ llut i should he Icil fioiu the study of (,iie micio 
se’opir.d sliiU'tiiie <)l locks to tiiat uf luctcunfr's, .-md iti oid'T to 
• 'Xpl.iin tile sltmtuie of incii-onc iron ! eniiimeiiccd ihc siu iy of 
aitilioial iron.s. ’ He hc^.m this study in lsfi3, and in the follow¬ 
ing yeai Ins paper (h/. a Mptho'l of IIIusim!nnj th,' .S7;aa7?//-e 
of Viinons /v?/e/s oj xV/cc/ Inj Nalnre I'milhiij was puldishcrl hy the 
ShcllieM Literary and Idiilosoplimal Society. In 186-') Ins papej 
On ihe MuT'K^roinrn! S// nrhire of MOcn z/es an<l M l,-,,no Inni was 
published by the Loyal tsucK'ty. Norliing furlliiT ajipear.s to ha\e 
been done until I’rof. Martens puhlislicd m 187.s the residis o( 
Iris mve,sli,i;.itioiis. whieh were caaned out (juile iiidepcu.lcn’1^ 
Tiie import.nice of the slmly of the mi< i o-,i t main e of mei.ds and 
alloys was soon rei'ognised, and the woik of Dr Sorbv and Prol 
Marlons was taken up and e.\lende(l l»y Wedding, Osinoml, 
Andrews, Edirens, Howe, (Miarpy, I^e (dMt<!i.e'. Rdhm ts-Aiis1en, 
Stead, and many otber.s. 

In order to study the structure of a metal or aliov hv m< ans of 
the microscope it is first nceessaiy to piepare a polished siirlace, 
and for this purpose a section of convcnieiit.bi/e luimt lie oluamed. 
In the case of comparatively 50 ft allov.'^ tliis mav be <'trcctcd by 
Sawing through the alloy with a liack saw and then filing into 
shajie. In the case of liaid and Irrittle aHoys a diamond riitnu* 
may be use.d, but a simpler melliod consists in lac,(king tin; alloy 
and selecting a fragment with a comjia'raluely smooth face. 
Tliis face is then ground down on an ornery wheel until flat. I’he 
size and shape of^tlie aannilo to he [loiished will (tepend upon 
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nrciimstanco^. It may bo that a section of thin wire, or of 
l Hinail till bine blade, js to be jxjlislicd ; or it may la; necr.s.sary 
M oxiuniiio a lireliox plate or a lar^e <‘:isUin_r. In the case of 
small seel loiia Some skill aial jn”;onnity is retpnied in the polishing, 
while 111 the ease of lar^ej-samph's from winch a poi tion has to 
bo cut thu selection of tlio satn[ilo must la.' niado with dis¬ 
cretion. In any ease, tho sniTa-'c lo be polished should not be 
much luoro than lialf an inch across, or thu labour of polishing 
will be c.\cessive. 

Thin sections can bo polished most readily by first embedding 
tlicm in a lirger piece of rnetal of similir hanlness. 'fins ean 
sometnnes bo (greeted by cleeti o deposi ung metal of sulIlcieiU 
tInckne.sH upon them mid then pohshnia tbo whole scetion, but 
in tbo case of simple si'otions, .such as thin sheet,, it is usually 
8 inipl(*r to make a s,i\T cut iii a piece of mel tl, inseit tlie sliect, 
and thr-n close tho cut hy S'piec/.mg in a vice or hammeniig 
Tlio two can then he liled iif) as one piece. 

In whatever way tho sample is taken, great care Hlmnld be 
oxcrcised during tiling to jiroveut te.nnig of the siirf.ice Al'tci 
linislnng on the smoothest lile tlio section is now luhbed dowi 
on emery ])a|)er.s I'f mereasing tineness, usni;; fiist. tlie oi liiiaij 
Englrsii papens and tlien those of b’reneh make used hy stee' 
ongiavers, and marked 0 to OOUO. The grinding on each papei 
must bo eontiuued until the seratchos prodiu^cd by the previous 
p;»por liave ontin'ly di.sapjteared, when the next paper is sub- 
Stituted and tlie section tinned tlirongli an angle of DU , so that 
tho new’ scratches are at right angles to tlie pivvioiis one.s. In 
this w’ay it is easy to seo when tho coarser sciatches have dis¬ 
appeared. This prohniinary polishing is most r.ijiully porfonned 
by attaching tlio omoiy papers to the surfaces of wooden blocks 
or w’lioela, wdiich are mudo to rcvolvo at a higli rate of speed. 
After ruhbingglow'n ou the last ornery paper tho surface should 
bo free from all coaisc .seratcho.s, and is now ready for the final 
polishing. Various inotliods have been devised by dilfoient 
workers for tho hnal polishing of the section, and some of those 
will now be dealt with. 

For rough work the section may he polished on a wheel covered 
with cliamois leather or broadcloth, upon whicli a small (piantity 
of lino dry jeweller’s rouge' has been sprinkled. For liner work 
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t,llO wliri'l 111- With liioa'icintli wlili'li I'. wrt, 

• iri'l urll w.i.'iird iMii|i!'>\rtl. \\('t jiitlisliiii^ tti.iv 

l>ut,i.s fai moil' ^;Ul^^.u'(<>ry than ilrv. 

Miilalile foi [lolisliiiii: IS |iir()aiiO m tlic rcil|i»\\ iii;: way 
\ i|naill it V ol' ]c;\\ cllii's roiiL{i' is st lircil up w ll h a la i 1 iij i k (il 
Wiitrr (a)n'iit a(> iiiuMis of |•nuL.’■t' lo a 111 to ol w,i(oi) tu a laim' |.'n 
or l'i\ak(‘r, ;um1 is I lion allow od to stand loi (In i (v soooiids atal t ho 
ll(plld dooailtod Till'. I-' allowrd to stand toi soino Iiiim', w lion 
tlio wator IS poiirod oil, .md the roiioo wiiioli has ^oilha] is used 
for t ho [lolishinu. 

\\’itii soiiio ;dlo\v it, IS uoll to avoid iho piosonro of watoi, aii<] 
in Ihoso iho lonno iiia\ ho nioistonod with a litllo p.ii iliiu 

Tills MM‘(hod IS very snoi ovsful in ilio cas(‘ of ooppoi and ooppoi 
alloys 

I;o O’hah'liiT has mado a nnnihot of ovpiMiinonis on |Ik> siilijoi'l 
<<f pollshliiLU with a View to Iiioto.oiii;.- iho spi od o| llio Iiianipnla 
tloii I lo poinl S out I hat. in t.hi‘ w ash Ill a ot po\', do( iho piia 111 ll V 
of < arhonaii' ol liinoiii lliow iloi ispiitlo siillioioiil lo oanso llio 
iiiiiation of )i,inips, ronlainiinj liolh oo.n.'o hihI lino pariith', 
and lio lot onniioiids tho followiria' niotjio.l Tho powd<'i is liisi 
tioaloii willi wiioi loiilannii;^ oiio pail of iiitito arid m orn 
t.hoii.vaud of waloi, in oidiT to dlssolv,' ,oi\ sails pt.sonl Tin 
iin\( in o Is .still od, allowod lo sot tlo, aial l iir oh'ai In pi id dooanl od 
Tho pioi'. 's ot washliu.;, and (Incant liin i' now ooni iinn d with .'lls- 
lilh'cl wa (ot until t ho aoid Is toniov'od aial 1 h(.t H'; tl I III” tako.splaci 
nioieslowlv 'J'ho ;--(‘pai i(ion of liio [lowch'i- is then olloilcij h^ 
add 111^' two cuhio (S'li t iniol los ol aiiiiiioiii.i I o osoh lit ro of wati'r, and 
tiio top portion of Iho inpiid is syphonod oil at nitorvais of liflooji 
minutes, Olio hour, four lioiits, (woiila four hoots, and oii^dif days. 
After tho roinoval of (ho Iwonlyloiit hours powder tin* (iner 
pai tiolos Hi ill in Ku.sptaisnm ina\ ho oan.socl to solflo rapidly by 
aiJding n small (juaiitity’ of aoolio add to tho li^pnd. 

Tho pow'ler in tho fii'st deposit is misuitahh^ for [lolishm^', and 
the soi.’ond ami tliir'i are soinowlial ( oarso, hut the rleposits 
Colh'ctod h(‘(woon the Dr.st and the oi^dith day oonstilulo (he tiue 
polishiiu^ pOWiIc.US 

The powrlors so prepared are tnix'od wlnlc still w('t with thin 
nhavin^s of voiv dry <'astito soap, in tin.' ))topoiiion of one part of 
do- ^oap to ten parts of tlie wet {lowder The nii\luio is melted 

t; 
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in a water bath and allowed to cool, ntirring conliuuonsly, uiitjl 
the inuHH begins to thicken ; it is then pcnred into tin tubes 
similar to those in which oil paints are kept 

Ivc (’hatelier has found t)ic following Mil)slaiic(‘s to lie the most 
satisfactorv Alumina obtained Irmn t.lu; calcinaiion of ammonia 
alum, commei'cial llour emery, oxide of clivommm obtained from 
the calcination of ammonium bichromate, and oxide of iron 
obtained from the calcination of iron oxalate. Alumina giree far 
better resutts than the otbers. 

These are tlie usual metbndrt for ubf.uuiug a polisUrd snrfacej 
but when soft metals have to 1x5 dealt \Mlli, snclt ,is hsid, it is 
extrciiH'ly dillicult t" nl)tain a good [ioIinIi. and imly lh<‘ ,^llgllte8t 
pressuK^ must Ix' iisi'd 'lb oviu'comc tins dilln iilly Ibving and 
Hosenham have .idopl.-d a method of obtaining a sitiootli surface 
witlmiit having iceours(‘ to aiiv mech.inical poli^,hmg This 
method IS cHpi'ci.illy useful in tiic ease ul tcsi-.iii'li woi k carried 
out on I'usilv fiisihlr metals and .dloys, .iiitl consists in [louring 
the molten metal on to a smooth siuf.n-c siicli .is gl.ass, mica, or 
poli.slied stocl, m coul.ai't with whn-h it is .illowi d |(. solidify. In 
practical \soik. howeviT, it in obviously not pri missibh' to melt 
the alloy, and the sjiccniion must he, polished k'or ’his purpose 
a little tllobc metal polisli and chamois h'ather will bo found 
(juite as satisfactory us more elaborate methods 

When an alloy winch is compo.sed of constituents of dilleront 
<logrces of hardm'ss is poli.slied on a soft matciial, such a.s leather, 
eloili, or parchment, tho liard constituentH will .'ifipi'ur m relief, 
and a prohminarv ex.unination of the fiolished siiil'ace is freipieiitly 
of great value in nlloidmg information us to tlir iclative liardness 
of tho eonstiliu'uts of an alloy. As a rule, however, it is necf'ssaty 
to subject the polished surface to tho corroding .action of some 
chomical reagent in order to distinguish tlie eonslitiients. This 
process is Known as “otcliing.” 'I’ho reagents most frc<]iientlj 
used are tlio various acids, but alkalis, alkaline sulpludes, and 
many other reagents are also used, either in aqueous or alcoholic 
solutions. Some allovs are most satisfactorily etched by placing 
the polished speeimen in a salt solution and eonnceling it with 
the positive polo of a battery, while tlie negative pole is connected 
with a })iece of platinum foil. 

In addition to tho ordinary methods of etcliing there is the 
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niolliod of “licnl tintiti'z;,” whi(!li cnnsisl.s iii >,iin[)ly tho 

Sjii-’cniioii in .ur unlil tlio polisiii'il s\it face .is^iiturs a dci'iilcd <;<)l()ur 
(Jiir Lo ovhlatioti, and tlicn (aK)liinx ipu'-kly by iloaXin;: on 

iiii'i’ciiry. 'riiiw iiK-thod baH proved of tin- yrcat^st vabin in 
tlio bands of Mr Stead, who has sh(>wn tliat it is the only satis¬ 
factory method by which carbide and ])]iosp!ii<le of iron can be 
diatinguished when associated in iron, ft is nsnalij andicient to 
heat the specimen on a iiot plate, init if any definite tcmporatnre 
is desired a bath of molten tin or load may be emplovcd Modifi¬ 
cations of this method consist in heatin'; tlie s])('citiion in c;asos, 
such as 8ul pi in rotted h_\ dro:/(>n, in older to obiain a film of snlplnd'' 
or other compound in ])l.ii'e of tlio ovule 

In sjX'eiai rases etciinio may be oflocled by moans of y.-ises, mid 
tlie author has found Lins inetliod of ^kmL \.ilue nt the ^ImK ol 
oxides in ruolals P'or this pu rpose hvdi o^en i-, n^od. i iu' poli'-lieil 
spreliiieii brin^r p|;ie,ed m a lirated eoiubu-lioii tube llhuiioj, 
whieii pun; dry bydiomm is pasM'd TIk' '>xid( - ,iie led i:<-. d li\ (he 
hydioyen, and inrulenlall v (he ri \s(alliiie st nirl ute i.> tim clc,jj,.d 
I III'', iiow ever, is simpl e due 1 o the ie al nu; and iio( to an \ ari mii 
by tlie livdio^en, as tile (:rv,-%l.illiiie .\liu(lin(‘ is rpualK well 
de\elopo<! by any neutral or non-(>\idisnio n,is 

Ibi) motbods of otehim; arc so nuinei-ous that, il, is iiiipos-.iht- 
to (I(‘al with tliein except m a general way, Imt the more im 
portant reat^ents may b(‘ briellv diisenhet) 

loir steel and iron alloys tlio most useful “irdnm; a^eni ik a 
f) p'T cent, alcobolie solution of pHU'ie arid. Thr v,pe, nil.'ll after 
ixdislnn;:; is merely dipped in this solution foi a fow seconds and 
tlien washed in alcohol and lined. 

For bronzes, brasses, (ierman siIv.t, and neailv all copjier 
alloys a 10 por cent, aqueous solution of aniuioniuin persulphate 
will be fouml the most satisfactory This rea-rnt was suggested 
by the aiit,hor many years ago on acauint of two useful properties 
which it possesses. Firstly, tlie eb-hing is ellerjed by simple 
immersion of tiu* sperirnen, no rulibni'.' hrum required as in tlie 
<yise of some (^fehor etching a;;ruts 'I'lns is an important con 
sidoration with soft alloys ■winch are very r;i-,ilv scratcliod by 
rubbing. .Secondly, the action takes place without tho formation 
of gas bubbles, which*aro always liafilo to a<] here to the polished 
surface and cause uneven etching. ()ne *pi rcaution, however, must 
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he obNorvorl m the use of aimimtinmi por.sulpluUc --I In- })()Iislir<l 
nurfar o muHt. Ik^ HliMuliituly free frotii oil or- To rnsun* tins 

it iH JwKiHahIo to j;ivc the saini)!'' a |)f<‘ljmiiiar-v Invitmeiit with 
Hoda or potaHli, followed by waslini.i; m water' bebo'c iruiiier'.Hiot) in 
thi> porHuljiliatc 

I'or aiit ifi let ion and other vvliit'- iin-l.il alloys a [no feiT eteliin^ 
ageiJl lorn. nils U> he discovered, Inrt stl'oiij' liyrlioehlonc <icid will 
ho found as useful as any 

Aluininiuin alloys may he otehed either with diliil'' acid, 
prefeialily hydroeldorie, or with raustie soda or poiasli 

Silver alloys may he etcheil with nitrte acid m aniinunnim 
persulphate as in llu- r'ust' of cojiperalloys ; and ^old alloys re-piire 
the use of .-Kjiia re<'ia 

The complete mi'tosiN>picjil i‘\iiitiinalion of a metal or alloy 
should ho carried mit, in thioe sta^o-s l•'lt.sl, the s|ieciinr!i should 
ho simply polished and exammed iindri both low an<l hiL.di powers. 
'I’lils w dl ali’onl mfoi-nialion a.s to the lelative haidiii'--- oi the 
consul iii'titH, and w ill als<i leveal tin- jiie-en- e of blowhole-., cimi ks, 
and ineludod foioion matter, such as slay, ciiidei,oi uiiallo\'cd 
metal The second exaininatiou .should he made afiet sliyditly 
etcliiiie tlie polished surface in o|-(h‘r to (listineiiish ihe con 
stitnenis This is the most ditlicult pail of the whole pioce.ss, 
anil threat care should 1)0 taken not to oxcoio llie ctidiin^o The 
safest inollrod is to etch vci'V lightly .md exanuin- , then etch 
a little further and ao.un examine, and eoutiiuie the ei< hiriji 
until the separate consiuucnts arc ch'.n 1\ shown, Koi- the thinl 
oxaniiiiatiou the specimen should he deeply utc'hed with .i ,stlonyer 
reagent in order to show up the crystalline struclui-c of tlie metal. 
The first and third oxanmiat ions can usually hr oarrnal out witir 
comparatively low ma^nitieation.s, hut the second oft'-n lequireH 
magnitications of a thousand diameters or more to losolve an 
alloy into it8>-compoi;ents. 

If it is desired to preserve the speeiimms for future reference 
they may either be oiled or tlic [lolishcd surface moistened with a 
.solution of paraftin wax in benzol. This leiivos, on drying, a thin 
Him of pamtlin which can easily he removed when the specimen 
is required for re examination, by wiping with a cloth moisloned 
with benzol. La Ohatelier nwoinmends the use of a solution 
of guncotton in amyl acetate, which leaves a thui trim of tmns- 



METHODS OF INVKSTKJATION 


f»9 


v.irni-^li Tlu^ film doea not intorforo m tlif'least with tlie 
*'tnniin:itioii of the H|n'''ini<’n e\eri ini<ler tin* st powerw 

t[ie lias hrcii pii“}>ttre<l it najuires to be 

niii'iiit«<l m order f" j>!,u'e it >>ti liie of the mi<-rosc'<i|K.>, hihI 

tlii' inniiiitiii;.' re-jiures ;i iiitle cjirt) m older tlmt the Kin fair ihhv 
hr ,it to (he oj)fir.d a\ia ol the micio'j'ope With 

I lit t ie [Jj ,U t ler llil' dlllirnlt\ eail lie |•e.ldd^• oVetrcinie , hilt one 
<.i I AO liirrh II 11 < .d di\,r('> loi r||•^UIMlL; a peilrelh level Kinfiiee 
lli.t\ hr hi Nilv di -M'l ili' d Tiir --11111 >irnl ot t hr'i' liM'i id v i oli'-IslK 
ol a nitlllhrl 111 xliott h li-flis ot [>1 I-- tutir of dill' irnl diallirt«'|s 
wliirli have hrrii ctionillN lut -o iImI iIii'II rnd.s aie |K'ifirll\’ 
title 'I'lir --lir.’ihirK [o I" rXalijlti' I i' j'lo'd on a J^dass sll|i. 
With I In- [>ii||v|jrd 'III I O '■ do'A liw n ' - i M'! ■ llMs^ 1 II he n sel'-i Irij 
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"wlilili will just ]nv' ov'i thr Kpi'i itiii'ii A ijii.itililv of idav oi 
soil v\a\ Is then |u-r••^r(| into (hr tiihr confainiii;/ lh<' sjii.rini'la 
until it more t’lian till-- the tuhe, and (fieii a ;.dass sli[i is {ila<ed 
oil (he top and ptr"<'d into eontaet with ihr luas' rtfiu Anofliei 
drvire has I'em [ilarcd u[ion the market, and is '•houn in ‘Jl 
fills roii'i'ts ol two hoi I/out d plat rs, (he uppi i on« hrii|o raj la hie 
of \rrti(al ino\riiirn(, but always reinainin^ parall'd to the 
lowei one' The -peeiinen is plaei-d with ils jHilished surface on 
the lower plate, and the iip[>er plate, rain'in^' ii ♦.dass slip to 
which Monie snilal>le clay or war is attached, is lowered into eon 
tact If necessary it <an lie clamped in {KWition until the 
inountiii;: niedimn has sot 

To oh\ late the necessity for mounting the specimen several 
convenient metal hohl.-rs have l>een devisesl. Kig JJ is a simple 
form of metal hohier. lonsistriiir of a metal strij) with a raised 
centre lu which there is an a|>ertiire The HjH.'cnncn is field with 
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the poUnhod Hurfaco a^^ain-st ihc under side of tliu aperttire bjr 
inoaim of ela«t>c bandn. 

Fip. 23 shows a eombinod metAl-holih'r and levelling arrange- 
tnont The specimen in hold by two rotating jaws, and can bo 
lovelled by means of the screws A, L, and HI. 





Km 'JJ —Siiiiiile M-’U) hi>l(ii)i Km 'Jit. CnintuDO'i M.'t.il-lioldt'r 
ti'f S[n'('imi‘na nnrl L«vi>llnig Dcmcc. 


It IS obvious that the examination of metals mu'^t be con- 
dncti'd b\ icllected bglit, and tlie illumination may bo eitlior 
iibli(jii(' or vertical. Oblii|iie illnminatioii is only possible with 
low powers, and for this purpose natural illumination is siune 
tmu'H siillii'ient. In most cases, however, a parabolic reflector is 
desirable, if not nece.ssary A convenient form of reflector ih 
that known as tlio Sorb\-Hi'ck reflector, and shown in fig. 2L It 



Fm. '24 —Sorliy-Heck IlluHiiiiator. Kro. 26 --Alirti<r lUinmiiator. 



is made to fit on to the objeotivo, and is also supplied with a 
small vertical reflector which can be instantly placed in position 
or dispeiistai with by a turn of the screw. 

For high power work the illuminator must be placed behind 
the objective, and the reflector in this case may be either a glass 
prism or a very thin glass disc placed at ,45’ to the optic axis 
Those two forms of illum'nator are shown-in figs 25, 26, and 27. 
It is obvious that in the case of the disc reflector only a portion 
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.of tlio light is utiliRod, whoreas with the prmiii the \shole of the 
light is reflected TIuh may he a «lihtiiict advaiituge \\l»en a 
powerful pourco of light is not avuilahlo. It muBt he noted, 
however, that for uro with a prism illuminator the ohje<ifives 
must ho specially eonstrnetod with short mounlH so that the 
iflassi 'i may h*' as close to tin? ptism as pnvsjhle Both illnmina 
ti»is iiiav he lilt' '! uith ''Ipps or diaplirintins, so that tin* anionnt 
of liu'ht adniltt- d iiia\ he varird as doMi.'d 'rin'^c will In- found 
’I'-efnl wlien iIm' '••■rtion undot cxainmation lias ,i indhantly re¬ 



flecting surface, and <il.so wlien liigh powei oil-irnmerHioii ohjectivfs 
aic heing nsefl. 

As legards the o[)tical equipment of tlio mioroscop<% threo or 
four ohjectiv<‘b and two eye[ui ceH an- all that an- rcpuied for 
oi'iinary w'ork. Two projection oy<;pi'’c< H, desenhtd hy the inakeiK 
iUS No 2 and No. 4, should be elioscn, as they are specially 
adapted for photographic work, and in conjunction with ohjectives 
of 16 mm , 8 mm , and 2 irmi. focus will give any degree of 
magmficatioD from alK)Ut 50 to 2000 diumeterB. For very low 
magnitication a projection lens of 35 mm. focu?, and used without 
an eyepiece, will be found useful. 

The following table gives the magnifications obtained with 
these objeetivoH calculated for a tube length of ICO mm. aud a 
distance from the eyepiece to the focussing screen of 1 metre:—, 
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Fix US 111 iinu. No 2 F.3o[)ic(:o. I N’n 4 Eyi'i'icco. 

, ___l 

I - 

u; 1J;> t 250 

8 , I 600 

1000 I 2000 

:ri j 2' (wtiliniu <’y(\[i|io<>) 

Any foiin nl’ iiiiinosc<)})i' may ])0 nscil if it is onlv i!o’<iro(i to 
exainnii' .ipri-iuini'i. Iml if piioinorapliio ii'cnrds are tn be obtuinecl 
It IS U(lvi.s.-ible to ciniiloy olio of the .sj^ccial inirroseopes whicli 
Imvu been (l<‘'i;:iie(l for tlio jutrpose. Tlie.so are litli'fl with 
exceptionally wulu body tubes m ordL'i to miminiKO the rellectiona 
from the m.sidc of the tube. 

The miero.si^opy and eainori may bo used either in a vertical or 
hon/.oiil.d po.sitioii when niodeiale m;u;intlca(ioiis are rapiired, 
but when hi^th-power objechves and a long camera oviension 
are em})loyed tho Ijon/.onlal position bi'cnmes a ncresMLy An 
apparatus, tlieiefore, which m mtemlcd for any degree of iiiagnitica- 
tion should be jilacod in tliis position 

Ah regards (ho illumination, an idectric are lamp wiili automatic 
teed i.s pethnjis (lie most H.itihfaelory ; but any lirilliant iiglit, such 
as an inoandes<-ent gas lamp, an oxyhydrogeii light, ueetyleno or 
Nornst lamp, will give good resulle. In any cose a c.oiidenser 
should bo placed between tho light and tho reflector to concen 
trate the rays as much as possible. 

lA)i pliotoguiphic work bo Chatelier recommends a mono- 
uiiromatic light on account of tlio chromatic aberration of the 
objeetive.s, winch are never conijiletely free from this defect. 
Ho obtains a suitablo light by pa.ssing tho rays from a mercury 
are lamp in vacuo through a solutiou of sulphate <5f ipiiniDe, 
which only allows the indigo, green, and yellow rays to pass, and 
as the green and yellow mys have little or no action upon an 
ordinary plate tho light may bo considered monochromatic. 

For all ordinary work, however, these roflnements are un¬ 
necessary, and a simple arc light and colour screen will give 
perfectly satisfactory results. Fig. 28 shows a small and 
convenient arc lamp by Zeiss The positive carbon is placed in 
a horizontal position and the whole of the lij^t from the crater 
is available without mtenVreuce by the negative carlxm, The 
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lump takes odIv o ;mi|)<'ivs, so that it <'au l>c on tlioonliiiary 
h^'litin^,' circuit, anil, m (Xinjum lion uiih (lio a[iliinalu’ <•onll^.‘^l^or 
KUjipliCAl by the iiiakeiM, a lij^ht opial to an enltnary 

‘JO aii»[)ero lamp 

Fi;r, JOsliOtts a form of mion^'^oopo Bpociilly niaOo for photo- 
Ki-aphir \soik, by Zt*ls^ of Jc’ii.i. It is usctl in conjuin-t hiii witlj a 
latnCra in a huii/ontat pi--itii>ii, anil fociiHsiii}' is a rod 

(St) rnniiciiixl by .1 omvt3r'aI joint (Tr) with a Binall niillrd In-ad 
with It. in it-v tuiii, tin- lai^^o milled heail M 

The [ihotoLOajths illii^t tat injx tliis book wem lak'm uilh a 
niicro.sn)p( uf till-, I'n) III a lueli tho HUthm h is !i,i<I m ^•un^tant use 



I' !!• 2i - yiiKiil /eisH Ai-’ I. mil' li'. Idioloiiin r";ji.i|4i\ 

and with [X-ifeet satisfaefion for tlio lost nine }'-'ats I n/. .’10 
illnstiatoa a similar foini of niicioscupc nitondcd for use with a 
Birnple form of camera in a veilical poHiiion 

A conijilete photoiniero^o.iplnc oullit cajiahlo of meelniK all 
requirements is made by Zeiss and .shown in tig 31. In tins 
nistrnrncnt the camera and optical parts are arran/ed on soparato 
tables so that the vibration caused by pulling out the shutter of 
the dark slide is not communicated to the microscope The 
optical outfit consists of the small arc lamp alren<ly described, 
and an optical bench carrying the condcnaing lens system and 
any absorption cells or* light filters which may be required. 
The microscope stands on a sole plate provjdcxi with levelling 
screw.s, and can be ^iied either in the hori/onUil or vertical 
position. The camera, which is made ill two sections, m mounted 
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on thro(.‘ steol bars on rollerH, so that it can be readily 

moved from th*' iiiH-ioMfjpe to allow of visual olibervation l^uch 



section of the camera is miulc to sliilo on the steol bars and 
can bo clamped in any position. In this wiiy any camera exten¬ 
sion can be used from *5 ins. to 6 ft. The final focnssini; is 









METHODS OF INVRSTTGATrON 


76 


©ffoctftd on the Rcrecn by means of a ro<i and Hook'a key 
arraugement. 

Fig. 32,illu0tmtoa a form of mtcr<ii5copo bv Ueichert i!» which 
tho sfage is placed 111 a hon/ontal ptisition so that mountnig of 



Fio. 30 —Vertical Microscoite and Camera. 

the sample under observation is unnecessary. Two tubes are 
provided, one for observation and another at nght angles for 
photography. Tho optical arrangements are shown in fig. 33. 
A beam of light from any suitable sourOe is reliected from the 
priam P, through the objective on to the specimen and back 



AI,LOYS. 



Fi<;. ,n —Zeus Outfit fur PhotinicrotTaiihv, 
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through tho pnMin \\, Aftor focuBSing, the primn \\ rotated 
through an angle of an axis at right angha to tho piano 


_ « 



i''i<3 V! lit'iiOii'iL Ml ull'i/nii'lia' MHTohruito 

''f the stage, whi(;h tliiows the h.'am ot light through the Hocond 
tnho to winch the camera is altaehed Kig .{| hIiowh the e.iioph te 
outlit for photonncio-jiMphy 

Suei-css in }iliol"giapht< 
inanipulatKin can 'Uily he a<- 
quired by pr.n-tiet- and oipi ii 
cn<*e, but a feu Inuts may be 
useful to LIk'Si- who ate be 
ginning the study of alioyn 
by moans of the inicroscojie. 

In tho first place, the use of 
- light filter placed between 
the source of light and the 
microRcdpe will give better re¬ 
sults, and if tho source of light is an arc lamp, a piece of green 
glass of the kind commonly known as “sigiuil ” green will be 
found perfectly satisfactory. Any well-known brand of pfaoto- 



Ki<i ‘-3. -U|>u< al riiooigeiiient of 
ll«ichert Micioih.<^]k 
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f^raphic plates may be usikI, the of tho plates selected 

depeiuhng U) a ^^reat <‘xtriit ou tlio sourcf! of illumination. If 
a weak'light is bcinu' ubod, thou rapid plates may l^o used to 
shorten exposures; but if an arc light is employed, tho plates 
’de.senix'd by the inakcra as “Ordiiiar\” will probably bo the 
imist UHoful. An expo.snre of approximately 5 seconds is the 
moat eonveniont, if ioim'or them is risk of movement, and if 
shorter than .H Hoc<oids it is dillicult to time them accurately 
wMbout a shutter, and tho use of a sliuttcr involves serious risk 
of vibration unless very carefully arranged 



Flo, 34.—Ucicheit Mierosoe|if mill l.'iuu«ra 

. Slow plates are 8oinetuno.s rocominon<lo(i as |)osse.ssmg liner 
grain than rapid plates 'I’liero was some reason for iln.s in the 
early days of tho photographic dry plate, but the gram of tho 
fastest modern plate, oven when using tho higliest j)oweis of the 
mien»seope, is negligible A commoner misUke, and one fro- 
quontly found in text-hooks, is tho staLoment that slow plates 
are preferable as they give greater “contrast.” The worst fault 
which every beginner m photography has to overcome is this 
temptation to produce negatives with great contrasts, and a large 
majority of published photomicrognipha sulFer from tho same 
defect. Harsh contrasts are seldom seen under the microbcope, 
and are usually confinod to cracks, blowholes, and certain slag 
inclusions. When they occur in a photograph it is usually the 
result of bad photography or bad etching. 

In oixler to obtain the best results, backed plates ^hmild be 
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oniployod, <13 h.ilatiot*, or rclloi-hon fioin llio li.tok of tin- pi ito, 
IS .1 t;i)inmon souroe of in photi>iiiii t‘>;^ripliir work 

VVlien j)hoto^'r.ipliK uio tiki'ii it is niip'in.uiL timl stamiiird 
nj.f^tiif’uMlions ''lionM lie adopted 'I'lie liieal \iiluy of pliolo- 
iiiieio;:rapliH lus a fcord lios iii the i-'.idiiiess u’ltli which tln'y 
can 1)0 compared, .nid thm is rendi ied i vtiemely ildlu-nlt if nil 
di’^noes of uiagtiilualion ai<‘ UM'd ll v'. i> |>.‘iiited out in the 



K:q. :i'> .st.-n‘iM cijii' Ml-r"-'M)jn> 


preface to the tii'st edition of this h<K)k that exja iha/l shown 
that magniHeulioiiH of 100 and 1000 diameters ftilfilli d all that 
was necessary in tlic great majority of cases, arxl theHo standards 
have hceii adopted hy a large nundier of metallograpfiihUi 

Ik'foro leaving the subject of inicro>-eopcs, two in^tHimentH 
may be briefly descriheil which have proved of seivice in the 
study of metals and alloys. 

Fig. 35 is a stereo^-opi<; microscoj)e whieh has proved useful 
in the examination df uneven surfaces sm h as fractures 

Fig. 36 is a tnicroineter rnicroscdpe of recent iiitr<»diiction 
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which 16 likely to proTe of great service to the metallurgist. It 
is o;ij):ihle of measuritig distatjces tip to 20 mm. with an acotiracy 
of O’Cllnni., and a useful feattire of the instrument \s that by 
loosening tlio mu'cw K the stem of the microscope can bo slipped 
out of tlio split sleeve II, thus sefiarating the stand from the 
up[>cr body, which can then bo secure*! by its stem to any 
laboratory stand and used in any position desired. Another 
model of tins microscope is do- 
^ signed for the measuromont of 

\ two distances at right angles to 

' each other. 

; Measurement of Fall of Tern- 

'f perature during Solidification. 

, ''1 —In 1884 Dr Gutlirio pulilished 

1 |, ^ UiH results of an invcsligation 

,J y^iL <iraJing with changes wliu h take 

' wflK /lB place during the sobdiiicatuin of 

alloys, and he comes to tlie 
M Conclusion tliat there is a clocjc 

I analogy between the soiidirtca- 

Vr tinnof molten gr.inite and a llnid 

all<»y. Just as, in tlxe case of 
a mass of molten graniU', the 
'|uart/, and felspar crystallise out 
' * * ' leaving the mica still fluid, so 

^ alloy certain 

constituents soliilify until “ the 

F.o.36.-Me».urn,gM.cru>cope. '‘'‘"y minimum ten,perature 
of fusion" is left behind. This' 
most fusible alloy of the series Guthrie calls the «u;^c^tc alloy, and 
he points out that the constituents of this alloy are not in simple 
atomic proportions. “The constitution of eutectic alloys," he 
saysj “ is not in the ratio of any simple multiple of their chemi- 
oal equivalents, but their composition is not on that account less 
fixed, nor are their properties,less definite." 




Fio. 36.—Measuring Micr^wcope. 


Guthrie was only able to deal with alloys of low melting-point, 
and, owing to the experimental difficulties inVblved in the accurate 
measurement cf high temperatures, this method of investigation 
was practically neglected until the introduction of the Le Chatelicr 
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pyrometer. The study of pyrometry belongs rnther to the domain 
*of physics than metidlnrgy; hut the use of pyrometers in the 
study of alloys has beconio so important that a brief description 
of the more useful ty|)c8 may not bo out of place. 

Pyrometers suitable for tho study of alloys, where the tempera¬ 
tures of small nmsses of metal have to be accurately determined, 
may bo divided into two classes: 1, resistance pyrometers; and 
2, thermo-electric pyrometers. 

The measurement of temperature by means of the resistance 
pyrometer depends upon the increase m resistanco of a platinum 
wire when heated. In the Callendar dt (Jrillith’s resistanco 
pyrometer a fine platinum wire is wound on a mica frame, which 
is enclosed in an outer protecting case. The ends of tho platinum 
wire are connected by copper leads either to a direct reading instru¬ 
ment or to a clockwork recorder. In order to avoid tl»e intro¬ 
duction of any error due to the variation of the temperature of 
the wires connecting tlie thermometer with tlie recorder, two 
similar leads, not connected with the coil, are passed down tho 
whole length of the thermometer. This thermometer may either 
be oftnnected with a direct reading indicator or an automatic 
recorder. 

The measurement of high temperatures by means of a thermo¬ 
electric couple was suggested by Bccquerel in 1826; but a 
satisfactory couple was not obtained until 1887, when Lo Chatclier 
published his researches on tho platinum — platinum-rhodium* 
couple. In this apparatus the couple is (ormed by joining or fusing 
together the ends of two wires, one oi absolutely pure platinum 
and the other of pure platinum alloyed with 10 per cent, of 
fbodium. When one junction of these wires is heated an electric 
current is generated, and this current has been proved, by com¬ 
parison with the air thermometer of the Royal Physical Institute, 
to be proportionate to the heat applied. ^ The igires are 0 6 
millimetres in diameter, and the current generated is approximately 
001 volt for every hundred degrees Centigrade. 

In order to protect the wires from injury they are enclosed in 
porcelain or fireclay tubes. The Royal Porcelain Factory in 
Berlin manufacture tubes which will resist a temperature of 
1600* C., but a simple fireclay tube is often quite satisfactory. 
The couple is insert^ in the tube with a thin strip of mica between 
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Fio. 37.—Roberts-Au3t«D’s Autographic Recording P\Tomet«r. 
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Fxo. 38. —Sectional Plan of Roberts- 
Anatoli's Aotograpbic iRocorUiug 
Z^rooMtor. 


thn wires in onler to pu vontA 
-lioiteireuit. Tlio otlu'r end of 
the wires rorinm;,' tlio cou(ilo 
should he tnaintained iit a con¬ 
stant t<‘iM|)eratnro, if aeenrato 
moasnreineiits are to ho tskcn; 
and to eiiHiiro this they aie eii- 
clofle<l in ^dass tiih(‘s, which aro 
iiutnerHed in ice or ehe in water 
whose toinpcrature is accurately 
known, 'i'lie Iheriiio-couple 
iiic.asnres the dill'erciicc in tern- 
ix'iature hetwoen the heated 
junction and the “cold junction.” 
'I'lie copper leads are connected 
witli a galvaiioiiicicr of the 
d’ArsouMil type, whadi may lie 
arr.iiiged for direct le.idnigsor 
used in con|uiictioii with an 
autoniiitic recorder In the auto¬ 
matic reconicr devised by Sir 
William C. Koherta Austen 
mirror galvanometer m used 
and a beam of light is rellected 
from the mirror on to a iiairow 
horizontal slit, behind which a 
pliotographic plate is caused to 
move vertically eitlier by clock¬ 
work or by means of a water 
float. Tlie arraiigeinent of the 
apparatus will be rcailily under¬ 
stood. by teferendfe to fig. 37, 
which represents the jiyrometer 
used with such admirable results 
by Roberts-Austen at the Royal 
Mint. 

Tlio camera is about five feet 
ill length and is .supplied with 
three doors, bo that the galvano* 
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meter is aoccssihle for any necessary adjustments. Connected to 
tlic caiiicja by a flexible leather bellows is the apparatus which 
contan>8 the moving photographic plate. F is the galvanometer, 
which can be j>laced in one of two positions, according to the 
range of temperature to be obsorve<l. Inside the camera and 
immediately in front ol the photographic plate is the focussjng 
tube T, containing a lens L which receives the light from the 
mirror H and throws it on to the galvanometer mirror. Any 
defiootioii of the galvanometer mirror causes the spot of light to 



Flo. 39. — nf of Pyrometer. 

travel along the slit, and thus traces out a curve on the moving 
photographic plate 

Now it is evident that if the rate of cooling were constant 
the curve would be the simple resultant of two mo\oments 
at right angles, an^ would therefore be a straight line. But 
the rate of cooling always becomes slower as the body become.^ 
colder, and the actual curve given by a cooling mass is a smooth 
mirve of the form shown in the lower parts of the curves in 
fig. 39. 

If, now, the thermo-couple, suitably protected, is dipped into 
a mass of pure molten metai—copperr for example—which is 
then allowed to cool slowly, a different curve is obtained. The 
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.temperature falls steadily until the metal bc|;in8 to solidify, 
but at this point the temperature nMuaina Cdiist.int, owing to 
the latent, heat of fusion of tlie metal, until the whole* of the 
mass is solid. After this “ arrest ” in the (XM)ling tho tempeni 
ture falls again in the usual way. The resulting curve, then, 
is similar to those shown in fig. ;i't (which represents the 
cooling curves of the metals tin, lead, aluminimii, silver, and 
copper, together with two straight lines repicsenting tho boiling- 
points of water and sulphur respectively), and this is a typical 
cooling curve of a pure meta). There are two possible modifica¬ 
tions, however, m the case of pure metals which should be 
noticed. The first of those is observed when the motal is 
cooled slowly without being disturbed. Under these con¬ 
ditions the teni[)eiHtnre sometimes falls two or three degrees 
below tho true free/ing-point of the motal before solidification 
begins. Tho freezing of the mass is then accompanied by a 
sudden rise in temperature to the true freezing-point of the 
metal. This phenomenon is known as surfusion, and it will be 
remendtered that it also occurs in the freezing of water and other 
liquids. An example of surfusion is seen in the cooling curve of 
tin in fig. 30. 

The second modification of the typical cooling curve is not 
frequently met with, but occurs when a molecular rearrangement 
takes place in the metal at some temperature below its freezing- 
point. In other words, the metal at a curtain temperature passes 
from one allotropic modification to another. A molecular change 
such as this occurs in the case of iron, and is accompanied by an 
evolution of heat, which is shown in the cooling curve. A further 
indication of molecular change is shown by the fact that the iron 
becomes magnetic below this temperature, while before it was non¬ 
magnetic. fStmilar results are obtained in the case of nickel. 
The magnetic properties of the iron and nickel alloyf will l}e dealt 
with later. 

A number of melting-points of metals have been accurately 
determined by means of the air thermometer, and these, together 
with other well-known temperatures, are employed in the calibra¬ 
tion of pyrometers. The moet useful temperatures for oalibration 
pur^Kisea are the following:— 
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Boiling-point of water . 

. 100* 

Medting-point of tin 

. 232- 

Melting-point of lead 

. 326" 

lk>iling-point of sulphur 

. 448- 

Melting-point of aluminium . 

. 667“ 

Melting point of silver . 

. 961“ 

Melting-point of copper 

. 1084“ 


It is absolutely necessary that p\ire metals be used, and in the 
case of the boiling-points of water and sulphur the thermo-couple 
must 1)0 placed in the vapour of tho boiling liquid and not in tho 
liqiiid itself. Fig. d!) shows an actual calibration of a Roberts- 
Austen recording pyrometer. In the first place a “datum” line 
is taken by letting the photographic plate run while the galvano¬ 
meter is at rest witli no current passing. The plate is then run 
u second time with the thermo-couple immersed in melted tin 
contained in a small crucible, and so on, all the curves being 
taken on one plate. The distances between the datum line and 
the various points are then measured on the plate, and, if a curve 
is plotted on sipiarcd paper with tiieso distances as abscissm and 
temperatures as ordinates, an approximately straight line is 
obtained from which any other measurement of temperature can 
be easily read off. 

It is advisable that a fresh calibration be made from time to 
<time to ensure that both galvanometer and thermo-couple are in 
proper working order. 

In oases where considerable ranges of temperature have to be 
measured, a pyrometer, such as that just described, is open to the 
objection that the large angular detleotion of the galvanometer 
mirror is liable to strain the suspending wires and thus introduce 
a serious error. To obviate this difficulty the current from the 
thermo-junction is not allowed to pass directly through the 
galvanometer, but is opposed by a current from a standard Clark 
cell, which can be regulated and measured by means of a potentio¬ 
meter introduced in the circuit. In this way only a portion of 
the thermo‘electrio current passes through the galvanometer, and 
the mirror is only deflected through a small angle. An apparatus 
of this description, however, requires a special armngentent, as 
the movement of the spot of light has to ^ watched and the 
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electrical balancing of the current carncfl out <lnrnig the opi'ra- 
tVn. In this cose the galvanometer is mt cMiclo.se<l in a caiucra, 
but the room in which the operation is earnd out is somewhat 
darkenc'l, so that the spot of light nui he seen travelling along 
the horizontal slit witliout fear of fogging the pliolograpliic 
plate. 

Sir William C. Rohorts Ansteii, in his clas-sical researches at 
the Royal Mint, employed a water clock consisting of a lloat 
carrying a photographic plate which moved upwards between 
guides. The whole was enclosed in a case provided with a 
horizontal slit, through which the ray of light from the galvano¬ 
meter mirror might pass In this apiwiratus ltol)erts AiiHten 
introduced a further improvement, by means of which vt-ry small 



Fio. 40,-.Ai»|>arstU8 for DifTereiitial Curves 

variations in the temperature of a cooling Ijisly couM be detecte<l 
and measured. This method, which has proved to he of the 
utmost service in metallurgical reseandi, is known as tlic 
dilTerential ” nieth<Kl, and the arrangianciit of the app.uatus is 
shown in the diagram tig. 40. 

B is the mass of metal under examination, and Aj the thermo¬ 
couple connected in the ordinary way with the gidvaiiometor 0, 
At A, however, a second thermo-junction is formed which is 
surrounded by a mass of platmnm, (and connected with a second 
galvanometer, Gj, as shown m the diagram. In this w.iy the first 
galvanometer measures the actual temperatures, whereas the 
second only receives such current as may result from the i*pf)Osing 
couples .V and Aj—t!hat is to say, it measures the difhTriicc in 
temperature between the masses of mciM 0 and B. 
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By using throe thermo-couples instead of two the connections 
can be simplified, as shown in tig. 41 (see p. 180 of Roberta- 
Austeu’s Introduction), and this is the arrangement generally 
adopted in taking differential curves. 

If it is desired to make the irregularities of an ordinary cooling 
curve appear very pronounced, the curve may be plotted by the 
inverse rate method'as first employed by Osmond in 1886. In 
this method the intervals of time taken by the sample to cool 



A. Electric Furnnc* BBi CoM-Junctlong 

B. Steel under examiiietlon. FK]. KeslBtunco Boxes 

" C. Neiitrsl Metal; Ki-3teelor Platlnuiit O. OHlvaiioinetoi'(or Temperature. 

D. Thernxxouple for Temperature mii. Compound Thermo-couple 

Gi. DifTerentlal Giilvauuineier 

through equal decrements of temperature are noted and plotted 
in terms of the temperature. 

For works purposes many other forms of pyrometer are largely 
employed, such as optical pyrometers, radiation pyrometers, etc. 
These instruments are fully described in the Introduction to (Ac 
Study of Metallurgy in this series, and it is therefore unnecessary 
to do more than merely mentibn them here. 

Mechanical Separation of the Constituents of an Alloy by 
Heating to Definite Temperatures and Pressing out the Liquid 
Portion.—Experiments in this direction arc difficult to carry out, 
but the results are instructive, and serve'to confirm the con¬ 
clusions arrived at by the study of the cooling curves. In 1884 
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^uthrie described the method and gave some results which he 
had obtained in the case of alloys with low melting-points. Very 
little appears to have been done since, but within recent years 
Roberta-Austen made use of the method in his inveatigations on 
the properties of the brasses. The alloy is placed in a steel 
cylinder provided with two loose plungers, upon which a pressure 
of about half a ton per square inch is maintained by means of 
a hydraulic press. The cylinder is gradually heated and the 
temperature determined by means of a thermo-couple inserted in 
a small hole drilled in the cylinder. As the temperature rises, 
a portion of the alloy liquoties and is squeezed out between tiie 
plungers; by analysing the extruded portion and noting the 
temperature at which it became liquid, a very clear idea may be 
gained of the order in which the constituents of the alloy have 
solidified and of their approximate compositions 
Change in the Magnetic Character of Alloys during Heating 
and Cooling.—This method of research is limited to a few alloys, 
but has been of great service in the case of steels and iron alloys. 
Iron, nickel, and cobalt are the only metals which possess the 
property of magnetism at the ordinary temperature, and it is well 
known that these metals, when heated, lose their magnetism at 
certain definite temperatures. On cooling they again become 
magnetic, but usually at a temperature somewhat below that at 
which they ceased to be magnetic; owing to a resistance to 
change in the metal, to which the name hyHeresit has been given.. 
The temperatures at which these metals lose and regain their 
magnetism are known as the points of transformation, and it is 
generally supposed that the loss of magnetism is due to an 
allotropic change In the metal. It is of con.sidorable interest, 
therefore, to determine the magnetic properties of the alloys of 
these metals and the influence of other metals on the points of 
transformation. Some metals raise the point of ma^etic trans¬ 
formation; others lower it. Nickel, for example, although itself 
magnetic, lowers the point of transformation of iron; and an alloy 
containing 25 per cent, of nickel requires to be cooled to -60* 
in order to attain its maximum degree of magnetism. 

The magnetic properties of the iron alloys have been studied by 
Le Chatelier, Osmonef, and Mme. Curie, whose original papers 
should be consulted for further details. 
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Until recently manganese has been regarded as a non-magnetic 
metal, but it would seem that it is capable of assuming a 
magnetic condition when alloyed with other metals. ^ Attention 
was first called to the fact by Hogg at the meeting of the British 
Association at Edinburgh in 1892, and his observations have 
since been confirmed by Heusler and others. The principal 
magnetic alloys of inatmancse arc lliosu with aluminiuin, antimony, 
tin, bismutli, arsenic, and boron. 



CHAPTER tv. 

THE CONSTITUTION OF ALLOYS. 

TnB nature tuid constitution of inotals anti alloys naturally 
attracted the attention of tho early metallurgists, and Roberts- 
Austen has pointed out that Aoliard, .Musseheubroek, and 
Reaumur were all engaged in the study of alloys in the eighteenth 
century, but it would appear that Boyle was the first to suggest 
the line of thought which has led to our present views of the 
constitution of metals and alloys. Discussing the states of matter, 
he ^ys: “ Even such as are solid may respectively have their little 
atmospheres "; and he adds : “ For no man, I think, has yet tried 
whether glass, and even gold, may not in length of time lose 
their weight." 

Boyle was therefore clearly of tho opinion that the solid state 
of matter was not far removed from, and was in fact usually 
accompanied by, the liquid or gaseous states, and two hundred 
years later his belief was proved to be correct by the experiments 
of Merget and Demarcay. 

In 1860 the same suggestion is made by Matthiessen, who, after 
describing his experiments on the electrical conductivity of alloys, 
says: “The question now arises, What are alloys? Are they 
chemical combinations, or a solution of one metal pi another, or 
mechanical mixtures! And to what is the rapid decrement in 
the conducting power in many cases due? 1’o tfie first of these 
questions," he adds, “I think we may answer that most alloys are 
merely a solution of one metal in the other; that only in a few 
oases may we assume chemical combinations." Three years later 
Graham declared his licHcf that the solid, liquid, and gaseous 
states probably always co-exist in every solid substance, and he 
91 
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says: “ Liquefaction or solidification may not, therefore, involve the 
suppression of either the atomic or the molecular movement, but 
only the restriction of its range.” In 1866 he justified, this belief 
by proving that gases were capable of penetrating solid metals. In 
1882 Spring produced alloys by compression of the constituent 
metals, and four years later he declares that “ we are led to think 
that between two nmlecules of two solid bodies there is a perpetual 
to-and-fro motion of the atoms.” “If,” he says, “the two 
molecules are of the same kind, chemical equilibrium will not be 
disturbed but if they are different this movement will be revealed 
by the formation of new substances.” 

From this time the researches on alloys become more numerous 
and the development of ideas proceeds more r.ipidly. In 1889 
Heycock and Neville demonstrated the importanthict that Raoult's 
law of the depression of the freezing-point of solvents is in many 
cases applicable to metals. Koberts-Austen, continuing Graham’s 
work on diffusion, published in 1896 his' classical researches on 
the diffusion of metals, followed by another paper, in which he 
showed that diffusion took place between metals in the solid 
state in the same way as in the liquid state, though more slowly 
Four years later he was able to prove that gold was capable of 
diffusing into lead at the ordinary temperature of the atmosphere. 

From the foregoing brief historical sketch of the researches Into 
the constitution of alloys it will be seen that the trend of modem 
vesearoh has been to prove that the solid state of matter is 
closely related to the liquid and gaseous states, and that metals 
are subject to the same laws which govern the behaviour of liquids 
and gases. Moreover, just as in the case of inorganic bodies we 
recognise the existence of elements, compounds, and soliitionsj 
80 in the case of metals we have pure metals, comjxmnde, and 
solutions, and it is important to know how these possible con¬ 
stituents may occur jn an alloy. 

The methods employed in the investigation of the constitution 
of alloys have already been described, and it only remains to 
consider the results obtained by their use and the conclusions to 
be drawn from tiiem. It has already been mentioned that the 
pyrometer and the microscope have been of the greatest service 
in determining the constitution of alloys, and we will therefore 
consider the different types of curve likely to be met with and 
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the conclusions which irnij be drawn with the conhrmntory 
evidence of the tnicroscopr. 

If a temjperature record, or a “c-'oling curve,’’ is tiikon of a pure 
metal cooling from a temperature just below its melting-point, the 
curve obtained is a smooth one without any sign of irregularities, 
but if a similar curve is taken of tho sanut motal cooling from a 
temperature above its melting-point the result is a curve similar 
to those shown in tig. At first tho cooling proceeds normally 
and a smooth curve is produced, but as soon as the freezing-point 
of the metal is reached and it begins to solidify, tho temperature 
remains constant and is represented by a straight lino until the 
latent heat of fusion is given out, when the cooling again continues 
and the remainder of the curve is normal as before. There is 
only one irregularity in tho curve, and the metal freezes or 
solidifies as a whole at one definite tompciatuic.’ In some cases, 
if the metal is very pure and tho cooling takes place slowly and 
without disturbance, tho temperature may descend below the 
true freezing-point of tho motal without solidification taking 
place. When solidification docs occur the temperature rises 
suddenly to the true freezing point and reniHins thori* until 
solidification 18 complete. This super-cooling or surfiision of the 
metal causes a sliglit depression in tho curve at the beginning 
of the straight lino representing the freezing-point, and is sliown 
in the cooling curve of tin in fig. .‘19. 

A simple curve with only one horizontal break, showing that, 
the metal has solidified as a whole at a dehnite temperature, is 
characteristic of pure metals, pure eutectics, ami homogeneous 
Tolid solutions. Chemical analysis accompanied by a raicrohcopioal 
Examination will at once indicate which of the thr^ is under 
consideration. 

A word of explanation is, perhaps, necessary as to the meaning 
of the expression $oln{ .-'Otution, as it is Irequently applied 
incorrectly. Consider, first, the case of a *liquid solution and 
the clmracteiistics which define a solution When a solid 
•substance is dissolved in a liquid the particles of the solid are 
so iiitiinatoly mixed with the liquid that they cannot be seen, 
even with the aid of the microsci-pe, and the solution is clear. If 
any particles are visible they are capable of being separated by 
* In this case we assume that do allotropio change takes place. See p. 96. 
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n>cclianical means, such as filtration, and they are not in solution^ 
The characteristics of a solution, then, are lliat the particles of 
the dissolved substance cannot be detected and cannot separated 
by mechanical means. Now the same definition may be applied 
to solid bodies. In a mass of gold, for example, containing silver, 
the silver cannot be detected under the highest powers of the 
microscope, nor is it capable of being separated by mechanical 
means. The alloy solidities and crystallises as though it were 
a pure metal, and the mixture of the two metals is so intimate 
that there is a strong analogy between it and a liquid solution 
Van't Hoff therefore described sucli a mixture as a solid solution, 
and the expression is now in general use. 

Solid solutions, however, may not always he homogeneous; 
they may vary in concentration. Thus co|'per containing a 
small quantity of tin (in)t excee<ling 8 per cent.) does not separate 
into two constituents ; l)Ut it does not solidify at one temperature. 
As the mass cools down, almost pure copper separates out at first, 
so that, as solidification }>rooeeds, the prtion remaining lifpiid 
becomes more concentrated in tin. 'fhe only indication of this is 
found on ^tching a polished stirfacc, when the unequal action 
of the etching agoiit shows itself in sliaded bands as seen in 
photographs 9 and 10. 

Most metals are more or less soluble in one another, hut the 
degrees of solubility are very variable. As regards tlio structure 
«of metals and solid solutions, it may be remarked that they do 
not crystallise like ordinary liquid solutions, but more closely 
resemble viscous solutions. Well-defined or idiomorphio crystals 
are seldom found, while crystallites or the incipient forms of 
crystals are predominant. On annealing, however, this crystallitib 
structure is replaced by a well-defined crystalline structure. 
Photographs 27 and SI are examples of thift crystallitic, alid 
12, 30, and ?4 of the crystalline structure. A curious point to 
be noted in the cryshilline structure is that rolling or hammering- 
produces abundant twinning of the crystals, while in unworked 
samples cases of twinning are not seen. 

The third case of a cooling curve with a single break, viz. that 
of a pure eutectic, is seldom met with, but will be considered 
immediately. If, now, a cooling curve is tafeen of a molten metal 
to which another metal has been added, the curve may be of 
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three kinds: (1) It may show a single break at a tenipoiaturo 
below that of the pure metal, showing that the alloy is a solid 
solution or a pure eutectic. (2) It may show two breaks, both 
lower than that of the pure metal, showing that the alloy uontanis 
two constituents melting at dill’erent teuipcmturos. In most 
cases, one of the constituents will bo found to be a eutectic; 
but they may both lie soliil solutions or one of them may be a 
compound. (3) If the curve shows two breaks, one higher than 
the melting-point of the pure metal, it may be taken for granted 
that this break is due to the solidilication of a delinite compound. 
The types of curves will be more fully dealt with later, but in 
the meantime we must iletine the expressions eutectic- and 
compoundy and consider their microscopical a{)pearance. 

The term “eutectic" was first used by Guthrie to indicate tlie 
mixture or alloy possessing the lowest freezing-point of a senes. 
This freezing-point is always below that of the mean of the inctals 
of which it 18 composed. The eutectic structure is com|x)sed of 
the different constituents in juxUposilion, but the structure is 
always very small and roipnres a high magnification for its 
resolution. The con.sfituontH of a eutectic may occur in curved 
plates or laminee, or in glolailes, and cither or Ixith may be, 
simple metals, solid solutions, or compounds. Types of eutectic 
structures are shown in photographs 6, 7, 8, and 18. They are 
very characteristic, and cannot easily be mistaken. 

The term compound or meUdlic covii^ound is applied to those, 
constituents of certain alloys wliich resemble chemical compounds 
in their properties. The formation of these compounds is 
accompanied by an evolution of heat, and they are almost 
tnvariably hard and brittle, with melting-points higher than the 
mean of their constituents. The metals of which they are com¬ 
posed combine, as nearly as can be judged, in atomic proportions ; 
but their composition cannot easily be determined^ as they are 
.occasionally soluble in, or themselves dissolve, the metals of 
which they are composed. They can usually be separated from 
an alloy by dissolving away the surrounding metal, either with or 
without the aid of an electric current, but it is impossible to say 
whether the compound thus separated is pure or not. Metallic 
compounds can usually be detected under the microscope unless 
they happen to be soluble in One of the other constituents, as is 
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sometimes, but not frequently, the case. Occasionally they cry^ 
tallise out in welt-formed crystals exhibiting angles and faces, 
but more often they simply occur as crystallites. However, the 
grouping of the crystallites often throws some light .on the crystal 
form. Photograph 2, for example, indicates a very definite 
arrangement of crystallites, and the compound shown in photo¬ 
graph 4, which has been separated from the alloy by solution, 
shows a well-formed angle at the extremity of one of the anus. 
Photograph 6 shows a well-formed crystal of the Rame.compound 
occurring in the alloy. This is an exceptionally interesting 
case, as it is not usual to find two metals forming such well-defined 
compounds. Compounds, of metals with the non-mefals, however, 
such as phosphorus, form very well-defined compounds. 

Having now considered the possible, constituents in an alloy 
and the types of cooling curve which they produce, the next 
step is to follow the complete series of alloys formed between 
any two metals. In order to do this a large number of cooling 
curves must be taken of alloys varying in composition and their 
structure examined microscopically. The freezing-points or 
breaks in the curves are next plotted in the form of a new curve 
with compositions and temperatures as co-ordinates, so that the 
freezing-point of any alloy can be seen at a glance. This curve 
has been described by Gautier, and is now generally known as 
the “complete freezing-point curve ” for that aeries of alloys. 

Le Ch^telier has classified binary alloys having normal curves 
of fusibility under three he^s:— 

1. Curves consisting of two branches starting from the melting- 
points of the pure metals and meeting at a point corresponding to 
the eutectic alloy. A curve of this description is obtained when 
the two metals are not isomorphous and do not form definite 
oompounds. 

The alloys of lead and tin, lead and antimony, and tin and 
bismuth, belong to this group. 

2. Curves oonsistiug of three branches, two starting from the 
melting-points of the pure metals and a third having a maximum 
point due to the formation of a definite chemical compound, and 
crossing the other two in two points corresponding to two outeotios, 
Examples of this group'are found in the alloys of copper and 
antimony and nickel and tin. 
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3. A single onrve uniting the melting-points of the two pure 
metals. Tins is a easo of pure iso¬ 
morphism,, which is comparatively 
rare amongst metals. Jt is, how¬ 
ever, shown in tlie case of the gold- 
silver alloys. 

The microscopical examination of 
typical cases of these three curves 
will illustrate tluur meaning. As 
an example of the first curve we 
will take the alloys of lead and 
antimony. The freezing-point curve 
of this scric.s shows a minimum at 
a point corresponding to 13 per 
cent, of antimony. If the alloys 
oontaining less than 13 percent, of 
antimony are examined under the 
microscope they are found to consist 
of soft fern-leaf-shaped dendrites of 
lead surrounded by the eutectic of 
lead and antimony, the amount of 
the eutectic increasing as the per¬ 
centage of antimony increases until 
the alloy containing 13 per cent, of 
antimony is reached, when the whole 
mass is composed of the eutectic. 

When more than 13 per cent, of 
antimony js present hard crystals 

antimony make their appearance 
in the eutectic, and these increase 
as the percentage of antimony in¬ 
creases. Owing to the superior 
hardness of the antimony crystals 
they are easily visible by simply 
polishing and without any etoldng. 

The second type of curve is Binary Alloys, 
well represented by the alloys of 

copper and antimony.* In this series there are two eutectics 
corresponding to the aUoys containing 25 and 71 per cent, of 

7 
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copper, while between these two points the curve rises to a 
inaxiinuin corresponding to 60 per cent, of copper. This is the 
composition of the definite compound SbCuj. Starting with pure 
antimony, and adding copper in incroiiKing quantities from 0 to 26 
per cent., a microscopical examination will reveal crystals of 
antimony surrounded by a eutectic, the crystals decreasing and 
the uutoctio increasing in quantity until 26 per cent, of copper is 
reached, when the whole alloy is made up of the eutectic. Wlien 
more than 25 per cent, of copper is added a new constituent 
makes its appearance in the form of crystallites having a distinct 
violet colour. These crystallites increase m quantity until the 
alloy containing 60 per cent, of copper is reached, which consists 
entirely of the violet alloy. Between 60 and 70 per cent, tlic 
alloys are found to consist of violet grains surrounded by a net¬ 
work of eutectic, and wlien 70 per cent, is passed dendrites of 
copper are seen surrounded by the scoond eutectic. 

It will be seen that tlie alloys which fall under the Bcc<jnd 
group in Le Chatelier’s classification, viz. those forming definite, 
chemical compounds, really give the same curves as the alloys of 
the first group, but duplicated. That is to say, the curve may 
be divided at the point representing the compound and con- 
“sidering the compound as a separate constituent (which it is), and 
not as an alloy. The curve is then resolved into two curves of 
the first group, and represents two freezing-point curves of two 
- series of alloys each formed by a pure metal and a compound. 

The third group of alloys is comparatively rare, as very few of 
the metals are isomorphous. An example, however, is found in 
the case of the gold-silver alloys. The freezing-point curve 
consists of a single branch uniting the melting-points of gold and 
silver, and a microscopical examination fails to sliow the existence 
of any eutectic or any definite compound. The properties Of the 
alloys pass gradually from those of gold to those of silver. 

These three groups of alloys have been described as having 
normal curves of fusibility; but in a large number of alloye. the 
curves are more or less complicated. For example, it may happen 
that one metal is only partially soluble in the other and is at 
the same time capable of uniting with it in differeht proportions to 
form a definite compound. Again, a compound may be partially 
soluble in the pure metal, or may be isomorphous with one of the 
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motals. In such caseo very complex freezing-point curves are 
obtained, wliosc meaning can only be explained by patient and 
laborious i^esenrch. The alloys of copper and tin give rise to a 
complex freezing-point curve; and as these alloys have received 
more attention than any others, they may be considered as an 
illustration of the investigations which may be necessary in order 
to understand the constitution of & series of alloys. 

Fig. 43 is the complete series of curves given by Heycook and 
Neville, and represents not only the results obtained from the 
cooling curves of the alloys, but also the results of a very thorough 
microscopical examination. In order to understand the changes 
which take place in the solid alloys which give riso to breaks in 
the cooling curves, Heycook and Ni ville have adopted the plan 
of quenching the alloys at temperatures above and below the 
breaks shown by the pyrometer, thus fixing the structure of the 
alloys at these temperatures, so that they can he examined under 
the microscope. A diagram which gives the temperature at 
which changes take place both In the solid and liquid alloys is 
known as an equilibrium diagram. 

The curve ABCDEKGHIK is the freezing-point curve of the 
alloys, and has been described by Prof. Bakhuis Hoozeboom as 
the liquidui^ indicating that when the temperature is above this 
line the alloy is entirely liquid. 

The line AblodefEgE,H'n"lK' has similarly been called the 
tolidw curve, indicating that at temperatures below this line* 
the alloys are entirely solid. Between these two curves there is 
a region in which the alloys are partly liquid and partly solid. 
At these temperatures the alloys consist of a solid relatively rich 
in copper and a liquid relatively rich in tin. 

The lines below the solidus curve indicate changes taking place 
in the solid alloys, and have been arrived at by a combination of 
pyrometrical and microscopical examinations.* 

Heycook and Neville recognise six constituents in the copper- 
tin alloys. These are— 

Tfu contHtueni a, which is a solid solution of, tin and copper, con¬ 
taining not more than 9percent.of tin. The portions solidifying first 
consist of almost pure^pper, leaving a liquid relatively rich in tin. 

confdttients 0 and y are also solict solutions of copper and 
tin, difieriug from e»ch other in crystalline form. The crystals 
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oontain from 22*6 to 27 per cent, of tin, and the y crystals from 
*28 to 37 per cent, of tin. 

These constituents may be described as transition constituents, 
as they are never found in a slowly-cooled alloy. They exist, 
however, at temperatures above 500° and in alloys quenched 
above that temperature. 

The constituent 8 is believed to be the compound Cu^Sn. It 
is almost white in colour, and does not crystallise frob the liquid 
alloy; it Is only formed when the alloy cools below 500*. 

The constituent E is the compound CugSn. It crystallises in 
plates, and is easily separated from the alloys. 

The constituent H is the compound CuSn. In the slowly- 
cooled alloys containing from 40 to 90 per cent, of tin, this con¬ 
stituent is found bordering the crystals of ‘CugSn, whereas in the 
alloys containing from 93 to 98 per cent, of tin it occurs in the 
form of hollow crystals, which Heycock and Neville have suggested 
may be due to the fact that the crystals have formed round 
nuclei of CUgSn, and that the nuclei have subsequently been re¬ 
dissolved. 

The temperatures at which these constituents are capable of 
existing are indicated in the diagram by lines which divide the 
lower part of the diagram into compartments. It is thus possible 
to see at a glance the constitution of any particular alloy at any 
temperature. Consider, for example, an alloy containing 15 per 
cent, of tin cooling from a molten condition. At 950* crystallites 
of almost pure copper separate out, and- as the temperature falls 
these become richer and richer in tin until at a temperature just 
below 800* the constituent solidl5es, and the whole alloy is now 
• solid. When the temperature falls l)elow 500* the constituent ^ 
is no longer st^le, and the alloy splits up into a mixture of a and 
8, in which condition it remains at temperatures below 600*. A 
glance at the diagram will show that some of the alloys, especially 
those containing from 23 to 40 per cent.*of tin, undergo very 
remarkable changes during cooling. 

The constitution and properties of a series of alloys may be 
conveniently represented in the form of a chart, of which fig. 46 
is a simple case. The curve at the top is the complete freezing- 
point curve of the* lead-tin alloys, while the curve immediately 
below it shows their constitutional composition. Below this are 
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plotted the tensile strength and elongation, so that the mechanioal 
properties corresponding to any structure or constitution can be 
^en at a glance. 

- From a'theoretical point of view the subject of triple alloys 
has received a great deal of attention within the last few years. 
The first complete and systematic investigation was due to Charpy, 
who selected the alloys of lead, tin, and bismuth as being the 
simplest possible series of ternary alloys. The freezing-points of 
the three series of binary 
alloys, lead-tin, lead- 
bismuth, and tin-bis¬ 
muth, have been deter¬ 
mined in addition to 
those of the ternary 
series lead-tin-bismuth, 
and the results are 
plotted in the following 
manner. The composi¬ 
tion of the alloys is 
represented graphically ^ 
by means of an equi¬ 
lateral triangle ABC Fio. 47.-'TnaugulHi-liingnuii of (Jomposition. 
(fig. 47). The three 

vertices A, B, and 0 represent the three constituent metals, and 
any point on the sides corresponds to a binary alloy of the two 
metals at the extremities of the line. Ternary alloys are repre¬ 
sented by points inside the triangle, and their composition by 
^rpendiculars drawn from the point to the sides. Thus Ma 
represents the proportion of metal A; Mb the proportion of B ; 
and Me the proportion of C. Charpy describes his method thus: 
“In order to represent the variation of a certain property—the 
fusibility, for instance—a perpendicular is raised froQi each point 
to the plane of the triangle, and a distance is measured upon 
that perpendicular proportional to the temperature of fusibility 
of the alloy represented by the foot of the perpendicular. The 
locus of these points constitutes the surface of fusibility which 
corresponds to the curves of fusibility of binary alloys.” 

Charpy has constructed a model showing the surface of fusibility 
. of the lead-tin-bismuth alloys, and has also plotted the isotherms 
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of the surface of fusibility (fig. 48). In this diagram the surf^e 
of fusibility of lead, tin, and bismuth alloys is composed of three 
zones, which, by their intersections, give the lines E<, and E"c, 
the points EE" and E" corresponding to the three binary eutectics 
of lead and bismuth, lead and tin, and tin and bismuth respec¬ 
tively. The point e corresponds to the ternary eutectic containing 
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32 percent, of lead, 155 per cent, of tin, and 525 per cent.'of 
bismuth, and melts at 96'. 

Alloys represented by points in the triangle lying above E<E' 
will, on solidification, deposit lead first; and in the same way alloys 
represented by points lying between EcE" and Bi and between 
E'cE" and Sn will first deposit bismuth and tin respectively. 

These results have been fully confirmed by the microscopical 
examination of the alloys. 

Within recent years much has been written upon the constitu¬ 
tion of alloys from a thjsoretical standpoint, and more especially 
from the point of view of the so-called Phas^ Rule first enunciated' 
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bj; Willard Gibbs. This rule states that— it is necessary to 
assemble at least n dijfh'ent molecular ^ecies in oi’der to consti-nct 
a complete heterogeneous equilibrium consisting of n +1 different 
phases. At one particular temperature and pressure only is it 
possible to have n + 2 phases in equilibrium. Thus, to take the 
simplest possible case, the compound HgO is regarded as a simple 
molecular species and therefore n=\. Now, there are three 
possible phases in whicli this compound cap exist, viz. ice, water, 
and water vapour; but according to Gibbs’ phase rule only two 
(n + 1) phases can remain in equilibrium except at one critical 
point. Thus a condition of equilibrium extending over a certain 
range of temperature and pressure may be established between 
ice and water, water and water vapour, and ice and water vapour, 
but only at one temperature a[id pressure (O-OOTS* and 4*57 mm.) 
can the three phases occur together. 

A more complicated case (which has, however, been thoroughly 
investigated by Roozeboom) is to be found in the conditions of 
equilibrium existing between water and sulphur dioxide. Here we 
have two molec\ilar species {n = 2) and four possible phases, viz.:— 

1 A solid hydrate SOjjTHgO. 

2. A solution of SO^ in water. 

3. A solution of water in liquid SO,^. 

4. A gas mixture of SOg and HoG 

It has been proved experimentally that only three (m + 1) of 
these phases can exist in a condition of equilibrium except at the 
critical point. 

It is evident that the application of the phase rule may be 
extended to meet the case of alloys with the object of determining 
th*e number of possible constituents which can exist in a state 
of equilibrium in a given system; and this has been done by 
Roozeboom in the case of the iron carbon alloys The subject is, 
however, a complicated one, and can hardly be,said ti^have added 
much to our knowledge of alloys. The student who wishes to 
follow it up should study the work of physicists (and more 
especially the masterly researches of Roozeboom) before attempt¬ 
ing to deal with the theoretical conclusions of those who are less 
perfectly acquainted with the subject. 

Relation between Constitution and Mechanical Properties.— 
The relation between the constitution and the mechanical pro- 
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pertiesof an alloy is clearly defined, and the subject is of so much 
importance in the industrial applications of alloys that it deserves 
the closest attention. Fortunately the number of. constituents 
which may be present in an alloy is limited to four, viz. pure 
metals, solid solutions, compounds, and eutectics, and it is only 
necessary to consider the nature and properties of these con¬ 
stituents and their influence on the properties of an alloy. 

Pttrs TMiaU are relatively soft, malleable, and ductile, and 
when present in an alloy they tend to impart these qualities 
to it. 

Sc^id toluixom^ as already stated, possess properties similar to 
those of pure metals. They are relatively soft, malleable, and 
ductile, and it may be pointed out that practically all the.in¬ 
dustrial alloys which are capable of being cold rolled, drawn, and 
spun consist of a single solid solution. Brass, bronze containing 
less than 8 per cent, of tin, malleable phosphor-bronze, coinage- 
bronze, aluminium-bronze containing less than 7'6 per cent, 
of aluminium, cupro-m^nganese, oupro-nickel, German silver, 
standard gold, raagnalium, and some of the nickel and manganese 
steels, are examples of ductile alloys consisting of a single solid 
solution. Standard silver may be regarded as an exception to the 
rule, but the quantity of eutectic in standard silver is very small, 
and the silver-copper eutectic is much more ductile than most 
eutectics. Alloys consisting of two solid solutions are less ductile, 
but are still capable of being rolled and worked hot. Muntz 
metal, manganese-bronze, delta metal, and a number of other 
" special bronzes ” and brasses, are examples of these alloys. 

Compounds are harder than the metals of which they are com¬ 
posed, and brittle. They decrease the ductility of the alloy, rfhd 
tend to lower its tensile strength. On the other hand, they 
increase the compressive strength of the alloy, a property which 
is of great^importonoe in the case of bearing and antifriction 
metals, and at the same time they improve its working qualities 
as regards turning, filing, etc. The industrial alloys of this class 
include bronzes containing more than 8 per cent, of tin, cast 
phosphor-bronze, all the white metal antifriction alloys, and the 
aluminium alloys containing copper, niokel, or tin. 

Eutectics are brittle, and possess lower melting-points than either 
of their components. Owing to this difference in melting-point 
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the eutectic portion of an alloy separates between the crystals of 
the other constituent, forming a network or cement, with the 
result that the ultimate strength and ductility of the alloy are 
practically the same as those of the eutectic. It follows that alloys 
containing eutectics are, with one or two exceptions, unsuited for 
constructional work. Their principal employment is probably in 
the form of solders, in which the difference in melting-points of 
the constituents enables them to be manipulated while in a semi¬ 
fluid or pasty condition. The eutectic of iron and carbon known as 
peaxlite is an exception to the rule and is unique, as it is formed 
after the steel is completely solid. The result of this is that the 
crystals of iron are not surrounded by etUectic, but the eutectic 
is itself surrounded by free iron; so that the formation of pearlite 
in steel is rather more comparable, as regards its influence on the 
mechanical properties, with the formation of compounds in other 
alloys. In order to distinguish a eutectic structure formed after 
solidification from those formed in the usual way, the term 
9Ut€cioid has been applied to it. 

Alloys containing eutectics are sometimes rendered useful by 
chilling or cooling them rapidly, so that the eutectic is not per¬ 
mitted to solidify between the crystals, but is evenly distributed 
throughout the mass of metal. Here, again, the eutectic plays 
the part rather of a compound than that of a normal euteotio. 

So far we have only considered alloys of two metals or binary 
alloys; but when we come to triple alloys the difficulties are not 
greatly increased, for we find that the alloys contain, as before, 
only solid solutions, compounds, and eutectics. It is true that a 
solid solution of three metals may differ in hardness, strength, or 
ddotility from a solution containing only two, and it is equally 
true that a eutectio of three metals has a lower melting-point 
t^an a euteotio containing two, but the general characteristics of 
the constituents are the same. Solid solutions are the ductile 
constituents; compounds are the hard and brittle constituents; 
eutectics are hard and brittle and tend to solidify between the 
grains of the alloy, thus ruining its ductility. 

It is evident, therefore, that the study of the structure and 
constitution of alloys is of the utmost importance in enabling a 
clear understanding to be gained of the influence of additions and 
impurities on the meobanioal properties of metals. As examples 
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of the various ways in which the mechanical properties of a metal 
may be affected by the addition of another metal (or non-metal) 
let UB take the case of a metal, copper, to which zinc, aluminium, 
tin, phosphorus, lead, and bismuth are added respectively. 

1. Zinc .—When zinc is added to copper the tensile strength 
and elongation gradually increase until 30 per cent, of zinc Is 
reached, but beyond this there is a decrease in the ductility of the 
alloys as shown by the elongation. With 40 per cent, of zinc the 
alloys can still be rolled hot, but with further additions the falling 
off in ductility is so rapid that they are of no lae for constructional 
purposes. An examination of the structure of these alloys reveals 
the fact that 30 per cent, of zinc is soluble in copper, forming 
simple homogeneous solid solutions, whereas with more than 30 per 
cent, a second constituent makes its appearance, and as the pro¬ 
portion of this second constituent increases so the ductility of the 
alloy decreases. 

2. Alvminivm. —As in the case of zinc, the addition of aluminium 
to oopper raises the tensile strength and elongation, but in this 
case the maximum elongation is reached with only 7 per cent, of 
aluminium, and beyond this the falling off in ductility is so rapid 
that the alloys with more than 10 per cent, of aluminum are practi¬ 
cally useless. The structure of the alloys shows that only about 
7 percent, of aluminium is dissolved by copper with the formation 
of homogeneous solid solutions, and with more than this amount 
a second and extremely hard constituent makes its appearance. 

3. Tin .—With tin the falling off in ductility is very rapid, the 
maximum elongation being reached with less than 5 per cent, of 
tin. This is explained by the fact that although copper is capable 
of dissolving 8 per cent, of tin, the solid solutions so formed »re 
not homogeneous, the first portion of the alloy to solidify being 
almost pure oopper and the last portion containing most of the 
tin. Hence the maximum ductility is obtained with much less 
than 8 per'cent, of tin. The properties of the alloys may be 
modified to some extent by heat treatment, but for the moment we 
are only considering the naturally cooled or oast alloys. 

4. Phoiph(yru9 .—A small fraction of 1 per cent, of phosphorus 
in oopper is sufficient to completely destroy its ductility, and the 
reason for this is obvious if we consider the constitution ot the 
alloys. Phosphorus conSbines with copper to form a well-defined 
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compound, corresponding to the formula Cu^P, which does not 
crystallise out by itself when the alloy cools, as is commonly tlic 
case with such compounds, but forms a eutectic with a farther 
portion of the copper. Now it must be remembered that it is not 
the percentage of phosphorus which influences the mechanical 
properties of the copper, nor even the percentage of phosphide of 
copper, but the percentage of eutectic; and when we consider 
that 1 per cent, of phosphorus is equivalent to more than 12 per 
cent, of eutectic, and that this eutectic which melts at 705* 
solidifies between the crystals of copper, it is not difficult to 
understand how a small quantity of phosphorus can exert such a 
marked influence on the mechanical properties of the copper. 

5. Lead .—Lead does not alloy with copper but separates out 
in the form of minute globules of metallic lead. In this condition 
it has a relatively small effect on the strength of the metal. 
Moreover, the specific gravity of lead being considerably higher 
than that of copper rendera its influence still smaller, for it is 
important to note that the mechanical properties of an alloy are 
governed by the volume of the constituents and not by their 
weight. Hence, comparing the influence of 1 per cent, by weight 
of lead and phosphorus, we find that the constituents affecting 
the mechanical properties of the motal are 0*8 per cent, in the 
case of lead and 12*1 percent, in the case of phosphorus. The 
relatively small influence of lead on copper and its alloys is shown 
by the remarkable strength of the so-called “plastic bronzes,” 
which often contain as much as 30 per cent, of lead. It is obvious, 
however, that this only applies to the metal in a cast state, as 
copper or bronze containing a constituent melting at as low a 
temperature as 327’ cannot be worked to any appreciable extent. 

6. Bumuth, like lead, does not alloy with copper, but unlike 
lead it does not separate as isolated globules but forms a thin 
network or film between the crystals of copper. It follows that 
anything above a trace of bismuth in copper renders It too brittle 
to be of any use. 

From a consideration of the foregoing examples it will be seen 
that the influence of an added metaron the mechanical properties 
of a metal or alloy depends on (a) the condition in which it exists, 
*.e. whether it remains* free or enters into chemical combination, 
(6) the shape or form it assumes, and (c/ its volume. 



112 


ALLOYS. 


These questions are of vital importance when dealing with the 
influence of impurities, for it sometimes happens that an alloy 
may be perfectly good or absolutely useless according to the 
chemical or physical condition of a certain impurity. Moreover, 
the presence of such impurities is occasionally unavoidable, and 
the problem then presents itself of finding some means by which 
they may be reudered harmless, or at least as little harmful as 
possible. This may sometimes be effected by heat treatment and 
sometimes by the addition of a second impurity which, by com¬ 
bining with the first, causes it to assume a different and less 
injurious form. As an example of the change brought about both 
in the chemical and physical condition of an impurity by heat 
treatment we may take the case of steel castings. In these a 
portion of the silicon present combines with the manganese and 
sulphur to form a silico-sulphide which separates between the 
crystals of iron and induces brittleness in the metal. On anneal¬ 
ing, however, the compound is decomposed, the silicon passing 
into solid solution with the iron and the manganese sulphide 
aggregating or balling up into isolated globules which may be 
regarded as practically harmless in a casting. The change in 
structure is illustrated in photographs 56 to 59. 

An example of change in form induced in an impurity by the 
addition of a second impurity is also to be found in the best 
known of all alloys, steel. In the early days of the Bessemer 
process it was found that the steel produced was of little use 
owing to its brittleness, and it was not until Mushet suggested 
the addition of manganese to the molten metal that good steel 
was obtained and the process became a commercial success. The 
explanation of the difficulty is now perfectly clear. The sulphdr 
in the steel combines with part of the iron to form sulphide of 
iron, and this compound having a low melting-point separates out 
between the crystals of iron (just as bismuth separates between 
the crystals of copper as already noticed), giving rise to a brittle 
metal. Manganese, however, has a greater affinity -for sulphur 
than iron, and forms a sulph^e whose melting-point is very muph 
higher than that of iron sulphide. The result is that instead of 
having a brittle constituent separating between the crystals of 
iron, isolated crystals or globules of manganese sulphide are 
formed which are to all intents and purposes without influence 
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on the properties of the steel as regards its suitability for rolling 
or forging. But it must not bo supposed that manganese sulphide 
is an entirely harmless constituent of steel. In large sections it 
may be so, but at the same time it is responsible for many 
troubles, including the corrosion and pitting of boiler plates. 

At the temperature at which steel is rolled the manganese 
sulphide is in a plastic condition and follows the rolling in the 
same proportion as the steel. Thus in thin steel sheets it also 
occurs in thin sheets or laminae, and if such sheets are subjected 
to severe bending or stamping the sulphide sheets form planes of 
weakness and the metal gives way. Photograph 47 shows these 
sheets or flakes of sulphide in section in a piece of rolled steel, 
and here again its influence is due to the shape or form in which 
it occurs. 

Cases of the elimination of a eutectic structure by the addition of 
a second impurity are to b^ found in the addition of tin to copper 
containing phosphorus, and in the addition of arsenic to copper 
containing oxygen. These are shown in photographs 48 to 55, and 
are considered in another chapter. 

Numerous examples occurring in everyday practice might be 
quoted, but those already referred to will serve to show the 
importance to the practical man of a study of the structure and 
constitution of alloys. It throws a new light on the subject, and 
explains the relation between composition and mechanical pro¬ 
perties in a way that chemical analysis by itself is incapable of 
doing. In fact, it interprets the results of chemical analysis, for 
until recently chemical analysis as applied to metals and alloys 
has been much less satisfactory than in other branches of science. 
In*the analysis of nearly all materials it has long been recognised 
that a simple statement of the percentage of the elements present 
is not sufficient, but that it is necessary to go a step further and 
determine the condition in which these elements ocour^ What we 
may describe, therefore, as a constitutional analysis gives the 
actual constituents which go to mak^ up the body under examina¬ 
tion, whereas an ultimate analysis only gives the elements in that 
body regardless of the way in which they are combined. Never¬ 
theless, it is not the ultimate components but the constituents 
which govern the mechanical and physical properties of an alloy, 
and an ultimate chemical analysis gives us no insight into its 
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properties, except in so far as we have learned by long experience 
to associate a certain analysis with certain properties. Only in 
one instance does the chemical analysis of an alloy make any 
distinction between the different modes of occurrence of aiiy con¬ 
stituent, viz. in the case of cast iron, in which it is customary to 
distinguish between the free carbon or graphite and the combined 
carbon. But carbon is not the only element which may exist in 
more than one form. Silicon, for example, may exist as silicate 
or may enter into solid solution with the iron; and whereas 
relatively large quantities in solution are not only harmless but 
often beneficial, quantities of silicate as small as 0‘03 per cent, 
are objectionable if not actually dangerous. It has been stated 
by Capt. Howorth that in the case of heavy nickel steel gun 
forgings, 35 per cent, of the test pieces from the breech end and 
5 per cent, from the muzzle end showed silicate defects in the 
fracture. In spite of the fact that 0*03 per cent, of silicate may 
cause the rejection of the steel, the specification allows 0 05 to 
.0*20 per cent, of silicon, and chemical analysis fails to distinguish 
whether this is present as silicon or as silicate. 

The structure of an alloy must be governed by the purpose for 
which it is intended. Mere mechanical strength is in many cases 
not the only, or even the most important, factor, and inability to 
realise the importance of structure has often led to unexpected 
failure. An instance of this has been quoted by Mr Arohbutt in 
connection with the manufacture of slide valves on the Midland- 
Railway. These are made of bronze containing about 15 per 
cent, of tin, and are tested by putting them under a falling weight 
of 112 lbs. with a blunt knife edge. The valves are oast in sand, 
and when supported on 9-inch centres a single blow from a height 
'of 8 feet is sufficient in most cases to crack them, while three 
blows from the same height will break them in half. If, however, 
the castings are quenched from a tempemture just above 500”, 
they will stand four blows before cracking and about nine blows 
before breaking. In some oases fifteen blows from a height of 
8 feet and three blows from a height of 10 feet were required 
to break them. Owing to their unusual strength and toughness 
the practice of quenching the castings was adopted, but soon had 
to be abandoned owing to the rapid" wedr of the valves. The 
explanation is simple. The oast alloys consist of particles of a 
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bard coDstituent embedded ia a softer matrix—a oharaoteristio 
and essential struoture of all alloys required to resist friotion or 
abrasion. ^Tbe quenched alloys, on the other hand, possess a 
homogeneous struoture which is ill adapted to resist wear. 

Another case in whiob too much importance given to mechanical 
tests instead of to struoture and constitution led to failure in 
practice ocourred.in the use of an alloy containing 9'8 per cent, 
of aluminium and 1‘9 per cent of manganese for slide valves. 
Tests on this alloy recorded in the Ninth Report to the Alloys 
Research Committee of the Institution of Mechanical Engineer 
showed remarkable results, but a trial of the alloy in the form of. 
locomotive slide valves showed that they tore the cylinder face 
away, and they had to be taken out after 6800 miles’ service. 

Such experiences afford convincing proof of the importance of 
structure on the properties of alloys in service. That the subject 
is no longer of purely theoretical interest, but is recognised by 
practical men as being of real importance to them, may be 
gathered by the remarks of Mr George Hughes, Chief Mechanical 
Engineer to the Lancashire and Yorkshire Railway, who says: 
** The success of a bearing metal alloy depends more upon structure 
than absolute composition, the proper distribution of a number 
of the tin-antimony crystals in a softer matrix of tin or lead being 
essential.’^ 



CHAPTER V. 


INFLUENCE OF TEMPEEATTOE ON THE PROPERTIES 
OF ALLOYS. 

It frequently happens that metals and alloys are used at 
temperatures either above or below the normal atmo.spheric 
temperature, and it is of considerable importance to know how 
the metal will behave under these abnormal conditions. The 
influence of high temperatures is perhaps of greater practical 
importance than that of low temperatures; but at the same time 
the results obtained by Dewar, Hadfield, and others at low 
temperatures are of the greatest value. The available data 
-relating to the subject are not numerous, and in many cases the 
results are conflicting. Moreover, in some cases the results 
obtained in actual practice have not been in accordance with 
thoke obtained experimentally. The explanation of these dis¬ 
crepancies is probably to be found in the fact that the alteration 
in the properties of a metal or alloy due to variations in tempera¬ 
ture is not always of the same nature, and before dealing with 
experimental results we may with advantage consider the possible 
changes which may be brought about in a metal by a variation 
in temperature. 

In the fir?t plac?, with an increase in temperature and con¬ 
sequent increase in molecular activity, we should expect a gradual 
and regular falling-off in the tensile strength until, in the 
neighbourhood of the melting-point, the tenacity becomes nil 
Moreover, this change should be common to all metals, and ex¬ 
perimental proof of it is not lacking. Thus Dewar has shown 
that at - 182’ mercury h^s a tenacity about half that of lead at 
the ordinary temperature, and iron, copper,^ nickel, aluminium, 
116 
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etc., exhibit a marked increase in tensile strength at the same low 
temperature. The following figures siiow the tensile strength 
and elongation of copper at temperatures between - 182* and 
+ 530*, the first two results being those of Hadfield and Dewar, 
and the remaining figures those of Le Chatelier. The two results 
at normal temperature are sufficiently close to justify the figures 
being regarded as a single series of observations (the small 
difference being due-to the fact that Le Chatelier employed a 
purer sample of copper and in a completely annealed state), and 
they may be taken as representing the normal behaviour of a 
pure metal or a homogeneous solid solution. 

Mechanical Propebtiks op Copper at Varying Tivmprraturrh 


Temperature. 

Teiiaile strength. 

. Tons per sq. in. 

Elongatioti. 

-182 

23 

46 

+ 16 

15 

42 

15 

14-r 

47 

no 

12-& 

41 

200 

ir4 

36 

330 

9-6 

84 ' 

430 

8i 

17-8 

630 

4-6 

16-4 


Normal behaviour, such as that exhibited by copper, is com 
paratiyely rare, and we have now to consider abnormal behaviour, 
which may be due to— 

• 1, An allotropic change in the metal taking place suddenly; 
i>, a molecular change taking place slowly; 3, a heterogeneous 
structure. 

1, AUotropic Change. — Examples of allotropic changes 
accompanied by changes in the physical properties^taking place 
in metals are not uncommon. Thus iron undergoes a change at 
760* and also at 860*, the three varieties of iron being described 
by Osmond as a iron, existing at temperatures below 760*; /? 
iron, existing between 760 and 860*; and y iron at temperatures 
above 860*. a iron is soft and magnetic, iron is non-magnetic, 
and y iron is hard an^non-niagnetio. ^Nickel undergoes a change 
at an even lower temperature, vis. 300*, above which temperature 
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it ceases to be magnetic. Zinc is brittle at the ordinary tempera* 
ture, but at 150* it becomes malleable, and again loses this pro* 
perty at higher temperatures. Tin at low temperatui-es, but not 
lower than those reached in cold climates, undergoes a molecular 
change and falls to powder. Such changes are abnormal, and it 
is not yet known except in the case of iron to what extent these 
changes may take place in the metals when alloyed. 

2. Gradual Molecular Change. — Some metals and alloys 
undergo a gradual change in their crystalline character, which 
is greatly accentuated as the temperature is raised. The change 
may be simply an increase in the size of the crystals, or may even 
be a change in the crystalline form. As an example of the gradual 
growth of crystals we may take the case of brass containing 
70 per cent, of copper, and aluminium bronze containing less than 
8 per oent.'of aluminium. If these alloys are annealed at com- 
paratiTcly low temperatures the crystals develop in size and 
there is a marked falling-off in the mechanical properties. This 
growth of crystal will be referred to later. 

8. Heterogeneous Structure.—Alloys containing two or more 
constituents are more liable to suffer deterioration at high tem¬ 
peratures than those containing only one constituent, especially 
if one of the constituents is a eutectic. The eutectic having a 
melting-point often very much lower than the constituent metals, 
is affected at a correspondingly lower temperature; and if the 
eutectic forms, as is frequently the case, a network or cement 
round the grains or crystals of the alloy, the strength of the 
eutectic represents the strength of the alloy. An example of 
this is found in copper containing bismuth. 

Considering these three causes of deterioration it will be seen 
that one of them, the second, would not occur until after the 
la{»e of some time, and this is sufficient to explain tho failure in 
actual praotipe of alloys which had given excellent results when 
merely tested at high temperatures. It is therefore important to 
note that mechanical tests carried out at high temperatures are 
not sufficient to indicate the behaviour of the metal in practice. 

The most complete series of experimental results yet published 
has been obtained by Bengougb, who has extended his tests to 
higher temperatures than previous observers. He finds that both 
in the case of pure metals and alloys there is a gradual decrease 



INFLUENCE OF TEMPERATURE. 


119 


in tensile strength as the temperature rises until a definite 
temperature is reached, beyond which the decrease takes place 
more slowly but still uniformly. This critical temperature he 
describes as the “temperature of recuperation,” and the point 
at which the change takes place ho calls the “mechanical critical 
point.” The curve representing the tensile strength of aluminium 
shown in fig. 49 is similar to that of copper and all the copper 
alloys upon which tests were carried out Reyond the critical 
point there is a rapid increase in the elongation until the tempera¬ 
ture approiiches the melting-point of the metal, when it sliows a 
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Fio. 49.—Tensile Strength of Rolled Aluminium at High Temperatures. 

sudden drop. In many cases the metals give out a “cry” when 
tested above the critical temperature similar to that of tin. 

Bengough points out that there is a marked difference between 
\he curves representing the tensile strength of cast metals and 
those which have been worked at comparatively low temperatures. 
Although both show the critical point, their behaviour at tem¬ 
peratures below this point is different. In the case of cast 
metals, the decrease in strength varies directly with the rise of 
temperature, and the curve is therefore a straight line, whereas in 
the case of worked metals the decrease in strength is more rapid 
as the temperature rises. The two types of curve are illustrated 
in fig. 60. 

The following table gives the critical temperatures of a mimber , 
of metals and alloys 


120 


ALLOYS 


Metal or Alloy. 

Critical 

Temperature. 

Tensile Strength ut • 
Critical TenipciMliiie 
Tons per sq. in. 

Copper. 

850’ 

1-8 

Aluminium. 

m 

l) 9 

(JJupro-nickel (20 per cent, nickel) 

710 

3-0 

Brass (30 per cent, zinc) 

440 

2*6 

„ (40 „ „ ) . . 

430 

6-0 


These critical points are undoubtedly of great theoretical in¬ 
terest, but from the practical point of view the metals have ceased 
to be of any use long before these temperatures are reached. 

Alloys used for Firebox Stays.—One of the most important 
applications of metals and alloys at high temperatures occurs in 
firebox plates, and more especially firebox stays; it is iii this 



Fio. 50.—'Tensile Strength of Oast and Rolled Metals at High Temperatures. 

connection that most of the work on the strength of alloys at 
high temperatures has been carried out, and attention has beeif 
particularly directed to the alloys of copper. The mechanical 
requirements of a metal suitable for firebox stays are that it can 
be easily worked and riveted, and that it shall be as soft as, or 
softer than, tfie copper plates into which they are riveted. The 
alloys examined Include bronze, phosphor-bronze, manganese-bronze, 
aluminium bronze, brass, copperToickel alloys, and mild steel. The 
behaviour of these alloys will be briefly considered. As regards the 
temperature actually reached by the plates and stays there is a 
considerable difference of opinion, and it is difficult to arrive at 
any conclusions from experimental data. Webb measured 
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bho tetnperaburo of the centres of a number of firebox stays by 
(frilling a hole through the centre of the hea(i an(i inserting a 
thermo-couple. The results showed that at a distance of 2 ins. 
from the furnace end the temperature varied from 170’ to 176* 
in a boiler working at 120 lbs. pressure, steaming heavily and 
blowing off, while at a distance of half an inch from the furnace 
end the temperature rose to 216’ to 230’ under the same condi¬ 
tions. An attempt to determine the temperature of the surface 
of the copper plate and of the ends of the stays inside the firebox, 
in the vicinity of the brick arch, gave temperatures of 540’ and 
616’ respectively. It must be remembered, however, that there 
is intense local heating, and it is no uncommon thing to see the 
surface of the copper plate showing drops of copper where the 
metal has been actually melted. It is difficult, therefore, to say 
what temperatures are actually reached, but it may be taken that 
the stays reach a tempei^ature of at least 200’, and probably 
considerably more. 

Bronze.—The only alloys of the copper-tin series available for 
the purpose of firebox stays are those containing less than 8 per 
cent, of tin (that is to say, those consisting of a solid solution 
of tin in copper), and these are probably the least satisfactory of 
any alloys. Their mechanical properties fall off rapidly at about 
200’, a bronze giving a tensile strength of 11 tons per sq. in. at 
200’ falling to 7*8 tons at 260’, 

In an actual test carried out by Webb, the boiler of a six-wheel- 
coupled goods engine working at 160 lbs. per sq. in. was fitted 
with bronze stays containing 3 per cent, of tin. After running 
93,290 miles 146 stays had to be removed as defective, and the 
average rate of renewal worked out at one stay per 791 miles. 

Phosphor - Bronze. — The phosphor-bronzes possessing the 
mechanical properties suitable for firebox stays are those contain¬ 
ing small percentages of tin and only traces of phosphorus. In 
fact, the phosphorus merely acts as a deoxidiser, and produces 
a better class of bronze than that obtained by ordinary melting. 
Data relating to the properties of phosphor-bronze at high tempera¬ 
tures are scarce, but it is probable that they would possess distinct 
advantages over ordinary bronze. 

Aluminiuin-Bronze.—The alloys of aluminium and copper con¬ 
taining less than 8 per cent, of aluminium possess the required 
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qualities necessary for firebox stays, but they deteriorate very 
rapidly at high temperatures. A bronze containing 7’1 per cent, 
of aluminium, which showed a tensile strength of about 25 tons 
per sq. in. with an elongation of 89 per cent, on 2 ins. at the 
ordinary temperature, gave only 9 tons per sq. in. and 14 per cent, 
elongation at 400’. 

An actual test carried out by Webb under the same conditions as 
those described in the case of the copper-tin stays gave disastrous 
results. The alloy contained 7 per cent, of aluminium, and after 
being in use only two months and running 2400 miles, the engine 
had to be taken otf the line owing to the number of breakages. 

Le Blant also states that the alloys of copper and aluminium 
are the most sensitive to an increase in temperature, and these 
practical results are the more remarkable, inasmuch as Charpy 
describes the aluminium-bronzes as being superior to other copper 
alloys. The explanation of this discrepancy is to be found in the 
fact that aluminium-bronze (containing loss than 8 per cent, of 
aluminium) is one of those alloys which undergo a gradual change 
on heating. At a temperature of 180’ (and possibly lower) the 
crystals increase in size until they reach very large dimensions, 
and the growth of the crystals is accompanied by a falling-ofF in 
the strength of the alloy. Photographs 28, 29, 30, and 31 show 
the changes which take place in the structure of aluminium- 
bronze, the alloy represented being the actual material used in 
Webb’s experiments. No. 28 is the original material as supplied. 
Nos. 29 and 30 represent the same sample after prolonged 
heating at a low temperature. No. 31 is the same sample heated 
to a higher temperature, but still below its melting-point. Test 
pieces of the alloy showing large crystals, as in photograph 3t), 
give low tensile tests and show a curious crinkling of the surface 
over the whole length of the specimen. 

Brass.—Qppper-^inc alloys of varying composition may be used 
for firebox stays, the percentage of zinc varying from 0 to about 
40. Those containing less than 10 per cent, of zinc appear to 
give fairly good results in practice. Thus, in Webb’s experiments, 
a locomotive boiler working under the same conditions as those 
previously described, and fitted with stays made of-brass contain¬ 
ing 90 per cent, of copper add 9 per cent, of zinc, gave Faults 
equivalent to a renewal of one stay per 5588 miles. The renewals 
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were mostly due to wasted heads and leakage, rather than actual 
breakage. Alloys containing a higher percentage of zinc but not 
exceeding about 30 per cent, (that is to say, tjiose consisting of 
a single solid solution) show a decided falling-off in strength with 
an increase in temperature. 

Brasses containing about 40 per cent, of zinc, consisting of two 
constituents, both solid solutions, give very poor results. Webb 
found that an alloy containing 40 per cent, of zinc gave results 
equivalent to one stay renewed per 262 miles only. 

Copper-Arsenic Alloys.—In this country copper containing 
arsenic up to 0 5 per cent, is more widely used than any other 
alloy for firebox stays. Owing to its low initial cost it has had 
few competitors until recently, but other alloys are now being 
used, and it is probable that the copper-arsenic alloys will be 
much less used in the future than they are at present. 

Copper-Nickel Alloys,—Copper containing up to 5 per cent, of 
nickel has been used for firebox stays with good results. The 
alloy maintains its strength very well at high temperatures, and 
it has been stated that it fulfils all the requirements of a satis¬ 
factory and reliable stay material. Unfortunately the results 
obtained in actual practice have not been published, but an alloy 
containing 2 per cent, of nickel is used to a considerable extent, and 
Sir Gerard Muntz has stated that when engineers have once used 
this alloy they rarely return to the use of copper-arsenic alloys. 
The alloy is only slightly affected by extremely low temperatures. 

ManganeBC-Bronze.—An alloy consisting of about 96 per cent, 
copper and 4 per cent, manganese, which is sometimes referred to 
as oupro-manganese, but sold commercially as manganese-bronze, 
is* now very largely used, both in this country and abroad, for 
firebox stays. In a report submitted to the Congres International 
des Miithodes d’Essais des Mat^riaux de Constniction on locomotive 
firebox stays, Le Blant states that the metal which ^e has found 
le^t sensitive to heat is oupro-manganese. He concludes; “ As 
. the matter stands at present, the metal giving the least number 
of breakages is cupro-manganese. But it behaves badly under 
the action of the flames. It ought, therefore, to be reserved for 
the lines of stays which break most frequently, and as far as 
possible from the Are.” This suggestion is carried out, and the 
following results obtained in actual practice, which are due to 
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M. du Bouequet of the Northern Railway of France, are of con¬ 
siderable interest. 

Twenty locomotives were fitted with cupro-manganese stays 
in the upper three horizontal rows of the side plates and the 
back plate, the remaining stays being copper. Each firebox 
had 185 cupro-manganese stays and 986 copper stays, and the 
boiler pressure was 213 lbs. per sq. in. In four years only six 
breakages of cupro-manganese stays occurred, while 1875 copper 
stays were broken. In spite of the fact, therefore, that the cupro- 
manganese stays were placed in positions jvhere it was known 
that breakages were most likely to occur, the breakages of copper 
stays were 58 6 times as frequent as breakages of cupro-manganese 
stays. Another set of twenty-five locomotives were fitted entirely 
with cupro-manganese stays, each firebox containing 1163 stays, 
and at the end of twelve months only one stay had had to be 
replaced. In another set of twenty locomotives cupro-manganese 
stays had been fitted in the upper three rows and in the corners of 
the side plates, each firebox containing 190 cupro-manganese stays 
and 973 copper stays. At the end of twelve months’ running no 
cupro-manganese stay had failed, while 232 copper stays had had 
to be replaced. 

Cupro-manganese stays have been used for some years by the 
Northern Railway of France, the Southern Company of France, 
and the Hungarian State Railways. The results appear to have 
been perfectly satisfactory, and the same alloy is now very largely 
used, but^its employment in this country is of more recent date. 
A cupro-manganese, however, under the name of crotorite has 
been manufactured for some time past by the Manganese Bronze 
and Brass Company. At very low temperatures (- 182*) cupro- 
manganese shows an increase in tenacity and ductility, and 
Le Slant’s statement, that of all the copper alloys cupro-manganese 
is the least affected by change in temperature, appears to be amply 
justified. 

A number of tests on alloys for firebox stays have been made 
by Hughes at the Horwioh works of the Lancashire and Yorkshire 
Railway, and the results, together with the analyses of the alloys, 
are given in the accompanying tables. The alloys were tested 
after heating for ten hours at 750* in the laboratory and also 
after nine hours in a locomotive firebox. 



Composition op Alloys. 


INFLUENCE OF TEMPERATURE. 126 


'3 

a 

■< 

Combined 

Oxygen. 

... 

0-11 

trace 

0-07 

Iron. 

o rH Cl . « 

g p <p : 9 ^ : 

i» c- ^ o o 

Manganese. 

• ; £ ‘ • 
r.. 

Phosphorus 

<0 uft . . ^ 0» 

p p ; ; p p 

o o o i 

Bismuth. 


Arsenic. 

S . eo *«. o S ift 

T' 5 I 9 2 T 

o w o c> o -C o 


Lead. 

§ «0 . t". o» o . o 

a P ; P p a ; p 

O o o *3 O 

Tin. 

. . . . w 

9 

Nickel. 

O . . lO lO I-H (N 

a ; ; P P P P 

■P 0 0 0 ^0 

Copper. 

‘4* to 

pO^flCp^P'^ 
0>93O at <0 00 

CtOtOiCtOtOtOt^ 

d 

e 

■■a 

a. 

•C 

§ 

Q 

Phosphorised, 1 inch . « 

Phosphoiiaed, inches 

Copper-mangane'.e .... 

High arsenic ..... 

„ arsenic ..... 

,, tensile ..... 

Copper-nick ..... 

Copper to L. and Y. specification 

Mark, 













Ten Honrs at 760* C. Heated Nine Hours in 
in Laborato^). motire Firebox. 


136 










INFLUENCE OF TEMPERATURE 


137 


BIBLIOGRAPHY. 

Aspinall, Proc. Intt. Mech, Rtxginurt, 1898, p 102. 

Bengough, J^r. liat. of MttaU, vol. rii p. 128. 

<lharpy, “Contributions & I’^tude des alliages m^talliqucs,” BullHin de la 
SocUU d*Encouragm«iU, February 1899. 

Hadfleld, Iron and Steel Inst. Journal, May 1905. 

Hughes, Jour. Inel. of MOaU, vol. vi. p. 74. 

Huntington, Jowr. JnM. of Metals, vol. viii. p. 126. 

Le Slant, “Lea Entretoisee de Foyers de Locomotivos,” Congrie Inter 
national dss Mithodee d’Eesais des Maliriaux de Conslnu-tion, Paris, 
1900. 

Le Obatelier, A., .04nie Civil, 1891; Revue gintraU dee Sdenccs, 1891 ; 

Cottle des MHhodes (PEssaie, Paris, 1900. 

Webb, Proc. Inst. C.E., vol. cl. (1901-1902); L<>coinotv>€ Firebox Stays. 



CHAPTER VI. 

CORROSION OP ALLOYS. 

In spite of the faot that tlie influetice of corrosive liquids on 
metals and alloys is an important problem in many industries, 
there is very little available information on the subject. This is 
probably due partly to a widespread reluctance to publish the 
results of practical experience, and partly to the difficulties of 
experimental investigation. It is obvious that experimental tests 
oan seldom reproduce the conditions which obtain in practice, but 
it is nevertheless possible to obtain comparative results which are 
of considerable value. 

The process of corrosion may take place in several ways. The 
simplest of these may be described as chemical corrosion—that is 
to say, the alloy is merely dissolved in the liquid in the same way 
that a simple metal is dissolved in acid, such as zino in sulphuric 
acid. 

A more complicated process of corrosion occurs in the com¬ 
bined influence of a corrosive liquid and the atmosphere. This is 
of very common occurrence, and is frequently observed in the case 
of copper alloys, the maximum effect of the corrosion taking 
place at the surface of the liquid or when the metal is alternately 
immersed in the liquid and exposed to the air. An example of 
this is seen in the corrosion of brass by salt water. When totally 
immemed the corrosive action is slow, but in the presence of the 
atmosphere oxychloride of copper is produced, and rapid corrosion 
of the brass takes place. 

Perhaps the most interesting and the commonest type of 
corrosion is that which may be described as electro-chemical. 
This occurs when two bodies possessing different electrical 
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properties are immersed in contact with one another in a corrosive 
or conducting liquid. Owing to the difference of potential 
between the two bodies an electromotive force is sot up, or, in 
other words, a galvanic battery is formed, and one of the bodies 
passes rapidly into solution. For this reason metals and alloys of 
different properties must not be placed in contact under liquids. 
Here we are dealing with two metals or alloys in contact, and the 
case is comparatively simple; but it follows that the same action 
will take place in a single alloy if it is not homogeneous in 
structure. For example, an alloy whosib constituents separate out 
on cooling, or form compounds which separate on cooling, will 
almost certainly be rapidly corroded on account of the difference 
of electrical potential between the constituents. Hence alloys 
forming solid solutions are usually better able to resist corrosion, 
than non-homogeneous alloys. Impurities duo to the improper 
treatment of the alloy, such as dross, slug, oxides, etc., behave in 
a similar manner. Thus in the case of copper alloys the presence 
of copper oxide is particularly injurious, and the oxychloride of 
copper formed by the action of air and sea water on copper alloys 
accelerates corrosion in the same way. The influonco of impurities 
on corrosion has received more attention in the c.as 0 of metals 
than in the case of alloys, and it is well known that many metals 
in a pure state are only soluble with difficulty in acids, whereas 
the same metals in an impure state are readily soluble in the 
same acids. Unfortunately one of the most injurious impurities 
js usually overlooked in spite of the fact that it is of common 
occurrence. Oxygon in the form of metallic oxides and oxidation 
products is liable to occur in nearly all metals and alloys, and is 
a fVequent cause of local corrosion and pitting. That it has not 
received more attention in this connection is probably due to the 
fact that its presence is not indicated in the results of an ordinary 
chemical analysis. Copper is the one exception in which oxygen 
is ever determined. 

Metallic oxides appear to be practically insoluble in solid metals, 
and occur as particles varying in size and distribution entangled 
in the metal. Photographs 54 and 55 are taken from an etched 
and unetched section of, a locomotive ffreboi plate, and will serve 
to illustrate the appearance of oxides (is this case copper oxide) 
under the m-icroscope. The importance of the effect of these 
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oiide p&rtioles on tho corrodibility of the metal can hardly be 
over-eatimated. On immersion in a corroding liquid each partible 
forms a small galvanic couple with the surrounding, metal and 
becomes the starting-point of a “pit.” 

The differences of potential between metals and their oxides 
have been insufficiently studied, but it is probable that in nearly 
all cases they are of much greater importance than the differences 
of potential between the metallic constituents of a non-homo- 
geneous alloy. The ordinary electric accumulator or secondary 
battery may be taken as an example of the practical application 
of the difference of potential between a metal and its oxide; and 
an example of the influence of an oxide on the rate of corrosion is 
to be found in the well-known fact that when the protective 
oxide coating on steel is partially removed corrosion of the 
unprotected steel is greatly accelerated. 

Experimental results on the influence of oxides on the rate of 
corrosion are scarce, but a series of tests carried out by the author 
and extending over several years may be of some interest. A 
number of steel plates rolled from ingots which had been 
carefully deoxidised by the addition of silicon, and a number of 
plates rolled from the same steel made in the usual way, were 
exposed to the London atmosphere and at the end of every six 
months they were carefully cleaned and weighed. The experiments 
were repeated on different makes of steel, and in each case the 
result showed that the oorreeion of the ordinary plates was greater • 
by 24 per cent, than that of the deoxidised plates. It is evident^ 
therefore, that the difference in corrodibility between a well-made 
alloy and tho same alloy badly made may be greater than the 
difference between two alloys of different composition, and unless 
those facts are taken into consideration the results of comparative 
experimental tests may be very misleading. 

In some fases % process of corrosion stops itself automatically 
by tho production of compounds which hinder further corrosion. 
Cases of this description are not uncommon, and an example of 
the greatest importance occurs in the employment of lead pipes for 
carrying water. It is well known that lead is appreciably soluble 
in water, and to such an extent as to render the water unfit for drink¬ 
ing purposes. Moreovey, nearly all waters contain considerable 
quantities of sulphuric acid in the form of sulphates, which also 
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have a corroding action on lead; but the product of the corro.'<ioii 
inlhis case U a practically insoluble compound, lead sulptmtc, which 
forms a coating on the surface of the metal and effectually pre¬ 
vents further corrosion, either by sulphates or by the water itself. 

Similar incorrodible coatings are formed on certain alloys, and 
an interesting example may be cited to illustrate this and also 
another protective influence exerted by one metal upon another. 
This is found in the case of an alloy of gold and silver containing 
60 per cent, of each metal, which is practically insoluble in the 
ordinary acids. In hydrochloric acid or aqua regia a coating of 
silver chloride is immediately formed, and all action ceases. In 
nitric acid the silver on the surface is dissolved, and the alloy is 
then protected by a coating of gold which prevents further action 
taking place. This fact is well known to all assayers and roliners, 
and in the operation of “parting” bullion {i.e. dissolving out 
the silver with acid) it is peccssary that the amount of silver 
should be considerably in excess of the gold, or the parting is 
incomplete. Certain copper alloys behave in a similar manner, 
the alloying metal being dissolved out until a surface deposit 
remains, which is only slightly acted upon by the corroding liquid. 
These facts are of the greatest importance ,ind should always be 
borne in mind when considering the results of expciimeutal tests, 
as they will frequently explain the startling dilt'crcnccs between 
the results of actual practice and those obtained in experimental 
tests. Nearly all the results of experimental tests have been 
obtained by simple immersion of the alloy in water, dilute acid, 
or other corroding liquid; but in actual practice corrosion is 
usually accompanied by erosion to a greater or less extent, and 
the'effect of this erosion in removing protective coatings and 
exposing fresh surfaces to the action of corrosion can readily be 
imagined, although it is often overlooked. 

Another unavoidable drawback from which experii»eiital tests 
suffer, is the fact that the results are always expressed in terms of 
loss of weight over a given surface. While this gives the relative 
oorrodibility of different metals, it only takes into account the case 
o£ uniform corrosion and throws no light on the causes of trouble 
and breakdown ocourripg in actual practice. These troubles are 
almost invariably caused by local oorrosiqu or pitting, and it is 
obvious that a certain^ loss of weight occurring locally may have 
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more seriuiiB results than ten times that loss of weight distributed 
uniformly over the whole surface. Uniform corrosion is a more 
or less known factor, for which allowance can be made in design, 
but local corrosion is an unknown factor which defies calculation. 

The greatest number of experiments on the subject of corrosion 
appear to have been carried out in connection with the corrosion 
of metals by sea water, and some of these may be briefly referred 
to. Milton and Larke, m an interesting paper on the “Decay 
of Metals,” define “decay ” as the solution of one constituent only 
of an alloy as distinguished from “corrosion ” by which the metal 
is attacked as a whole. They confirm the statement that 1 per 
“bent, of tin added to brass and Muntz metal assists them to resist 
corrosion or decay, and their conclusions are as follows;— 

" 1. Decay is more frequent in metals that have a duplex or 
more complex structure than in those which are comparatively 
homogeneous. 

“ 2. Decay is due to slower or less energetic action than that 
causing corrosion; moreover, it requires an action which removes 
part only of the constituents of the metal, whereas ‘ corrosion ’ 
removes all the metal attacked. 

“ 3. Both decay and corrosion may result from chemical action ■ 
alone, or from chemical and electrolytic action combined. 

“ 4. Pitting, or intense local corrosion, is probably often due to 
local segregation of impurities in the metal; but it may also in 
some places be due to favourable conditions furnished by local 
irregularities of surface or structure, producing local irregularities 
ip the distribution of galvanic currents- 

“ 5. For brass exposed to sea water, tin is distinctly preservative, 
while lead and iron are both injurious, rendering the alloy more 
readily corrodible. The percentage of the Mvo lafter metals, 
therefore, should bo kept as low as possible in all brass intended 
for purposef where'contact with sea water is inevitable. 

“ 6. With a view to obtaining a minimum of corrosion the 
internal surfaces of condenser tubes should be as smooth and uni¬ 
form as possible; and in order to ensure this condition, the cast 
pipe from which they are drawn should be smoothly bored inside, 
either before the drawing is commenSed «r in an early stage of 
the process, as-js done in the manufacture of brass boiler tubes. 

“ 7 The experiments with an applied electric current show that 
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electrolytic action alone, even whore excoodingly minute currents 
are employed, may result in severe corrosion or decay. Every 
effort, therefore, should be made! to prevent such action by careful 
insulation of all electric cables. Where galvanic action is in¬ 
evitable through the proximity of dillerciit uu'tals exposed to the 
same electrolyte, the currents resulting should be neutralised by 
the application of zinc plates in the circuit, so arranged that they 
will be negative to both of the other metals.” 

Diegel has studied tiie same subject, and his results may be 
summarised as follows:—fie finds that in brasses containing much 
zinc the addition of nickel exerts a beneficial infliieuct'. This is 
contrary to the experience of Mr Rhodin (whose work will be 
considered later), who .states that “from a practical point of view 
nickel is incompatible with low percentage brasses.” 

The loss in weight in grains per sijuare metro of several alloys 
suspended for twelve months in sea water is given by Diegel as 


Mild steel. 9‘Olfi 

Copper-nickel (42 per cent. Ni) . . . 2‘162 

,, (20 per cent. Ni) . . . 1'848 

Copper-aluminium (0 per cent, Al) . . . 0'800 


In contact with iron the alloys suffered practically no loss. 

Iron or zinc plates are almost invariably used for the protection 
of condenser tubes, and if these are of suitable composition and 
properly made troubles due to corrosion are reduced to a minimum. 
This is borne out by the statement of Mr Arnold Philip, the 
Admiralty chemist at Portsmouth, who says; “ In spite of the 
fact that some millions of tubes are in use in the Royal Navy at 
any given moment, the number of cases coming under his notice 
in which localised corrosion has been observed do not at present 
amount at the most to more than about two per annum.” He 
attributes the freedom from corrosion to three causes-Firstly, 
to the composition of the alloy; secondly, to the satisfactory 
manner in which tube manufacturers arc able •to produce tubes 
of the exact composition specified; and, thirdly, to the consistent 
manner in which the use of steel, iron, or zinc protector slabs or 
bars has always been insisted upon. 

As regards the copper-aluminium alloys. Carpenter and Edwards 
have compared five alloys of copper and aluminium with Muntz 
metal and naval brass. The alloys were suspended in sea water 
which was changed (p7ery week, an<l the results, expressed in 
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cliange d weight in pounds per square foot per month, are shojvn 
in the following table 


Alloy. 

Coraiiosition. 

Change ih Weight 

2 

1 ’00 |)cr cent. Al. 

•0028 lb. 

4 

2-99 „ 

•0001 

6 

6 07 „ „ 

•0000 

9 

7-35 „ 

•0000 

13 

9:90 „ „ 

+ •0001 

Muntz metal 

•** 

- *0014 

Jfaval bra.ss 


•0018 


The authors explain the gain in weight in the case of the alloy 
containing 9'9 cent, of aluniiniiini by supposing that there is a 


slight oxidation of aluminium on the surface of the alloy. 

A series of comparative tests carried out by immersion in sea 


water at Portsmouth Dockyard gave the following results 

Alloy. 

CuinpositioD. 

Change in Weight. 

2 

1*06 

0^0017 

4 

2'99 

0-0009 

6 

5*07 

0 0009 

9 

7 •36 

0-0009 

13 

9-90 

0-0008 

Muntz metal 

... 

0*0028 

Naval brass 


0-0012 

In contact with iron 

and under the same conditions the alloys 

were completely protected, while the iron lost *008 lb. per month. 

On the other hand, in 

fresh water and 

in contact with iron, the 

aluminium alloys were 

corroded, while the Muntz metal and naval 

brass suffered no loss. 

The actual results were as follows:— 

Alloy. 

Composition. 

Change in Weight 

2 

1‘08 percent. Al. 

•0008 

4 

2*90 

•0008 

6 

6-07 „ 

•0008 

9 

7*36 „ 

•0010 

13 

9-90 „ „ 

0010 

Muntz metal 


•0000 

Naval brass 


•0000 

In these experiments the aluminium alloys were from cast 


samples, while the Muntz metal and naval brass were from 
rolled samples, so that the results are not strictly comparable. 

Manganese-bronze is practically unaffected by sea water, and is 
in consequence largely used in the manufacture of propellers and 
propeller blades. Rolled or malleable phosphor-bronze is also 
little affected by sea water, and has proved satisfactory where 
brass and steel were useless. 

Apart from the corrosive action of sea pater there are many 
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important industrial problems connected with the corrosion of 
metals and alloys. There is a considerable demand, for example, 
for alloys euitable for the construction of pumps and pumping 
machinery dealing with corrosive liquids such as acid mine waters, 
and also for alloys suitablo for evaporating pans, stirrers, etc., but, 
as already mentioned, there is very little reliable information con¬ 
nected with these subjects. The Bonifacius Coal Mining Company 
of Westphalia made aseriesof compafativeeiperimentswith wrought 
iron, steel, and delta metal, which showed very decided advantages 
in favour of delta metal. Bars 7j inches long with a sectional area 
of ’62 inch were immersed in the mine water for months and 
the loss in weight determined. The results were as follows 



Wrought Iron. 

Steel. 

Delta Metal. 

Weight of original bar . 

We ight of corroded bar. 

1-1806 

■6898 

1'2126 

■6614 

V2787 

r2638 


A series of experiments on the corrosion of copper alloys by 
acid mine water has also been described by a writer in the 3ratt 
World. In this case the water contained 12'68 per cent, of free 
sulphuric acid and 49'90 per cent, as sulphates. The six alloys 
tested had the following compositions:— 


Alloy. 

Copper, 

Zinc. 

Tin. 

Lead. 

Man* 

1 ganeae. 

Alu¬ 

minium. 

Iron. 

Manganese-bronze, cast . 

67'20 

40-14 

1-18 

0-02 



1*33 

Manganese-bronze, rolled 

62^46 

36*00 

0-83 

0*06 



0*84 

Muntz metal, rolled 

67-66 

40*02 

1*49 

0-56 


... i 


Bronze .... 

82 ■SO 


17-70 




... 

Red brass 

80-76 

i-78 

8 73 

8 74 



!!£!» 

Hydraulic metal . 

88’06 

8*00 

10*81 

0 10 



1 - 


The relative losses expressed in weight per .cent, were— 

Hydrautio metal . ... 0'58 j Bronze . •. . • . . SDO 

Ked brass .... 0'70 Manganese-bronze (rolled) 4'36 

Muntz metal .... 1*83 1 Manganese-bronze (oast) 8‘37 

Unfortunately, in these experiments the samples were of 
different shapes, and it is obviously misleading to express the 
results in weight lost, without considering the extent of surface 
subjected to corrosion. Evidently the results require confirmation. 
With a view to determining the relative rates of corrosion of 
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copper alloys in acid liquids the author carried out a series of 
tests on the followfug fourteen commercial copper alloys:— 

1. Gun-metjil. 8. Cast phosphor-broirzo D. 

2. Cast gun-metal. 9. Manganese briaize, 

8. Cast brass. 10. Iramadium bronze I. 

4 Rolled bum. 11. ,, ,, II. 

h. Cast pho.sphor-brDnze A. 12. Aluminium-bronze. 

6- n ,, B. 13. Orotorite, 

7. H ,, C. 14 Rolled iihospbor-bronze. 

The liquids selected were sulphuric acid, sulphuric acid contain* 
iug sulphate of iron, hydrochloric acid, and hydrochloric acid 
containing sodium chloride. The results, which are only 
comparative for the series, are given in grams dissolved per 
square metre of surface. 


CrniROaiON IN A 10 PKR CKNT. SOLUTION OP SUI.PIIURIC ACID. 


1. Immadium-bioiize I , 




4-23 

2. Rolled phosphor-bronze 




5*31 

8. Aluminium-bronze . 




7 00 

4, Cast phosphor-bronze 0 




7 37 

6. Rolled brass 




7-43 

d. Cast brass . 




7-48 

7. Rolli'd gun-metal 




7'32 

8. Cast gun-mctal . 




8-13 

9. Cast phosphor-bronze B 




8-64 

10. „ ,, D 




10 66 

11. „ „ A 




11 36 

12. Crotovite . 




11*43 

18. Iinmadiura-lironze II. 




12*02 

14. Manganese-bronze 




13*83 

Corrosion in Sulphuric Acid ooNTiiNiNo 

Iron Sulphate. 

1. Immadiu'm-bronzo I . 




8-47 

2. „ „ 11. 




12*02 

8. Cast phosphor-bronze A 




18-66 

4. Crotorite . 




21*96 

5. Rolled phosphor-bronze 




22 51 

^6. Rollfcd gun-metal 




23*06 

7. Manganese-bronze 




23*52 

8. Cast phosphor-bronze D 




23-67 

9. Rolled brass 




24*58 

10. Cast brass . 




24*80 

11. Cast gun-raetal . 




24-91 

12 Cast phosphor-bronze C 


4. 


26*81 

18 „ . B 




27-13 

14 Aluminium-bronze . 




29-78 
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ConR 08 iON IN A 20 PER CENT. SOLUTION OF IIvlmOdlll.imK; Aciu. 


1. Inunadiura-brouze I . 


. 2 12 

,2. „ „ II. . 


. 4-87 

3. Rolled brass 


. 5-72 

4. ..MiMigiiiiese-bronzo 


r.-76 

5. Ritlled phosphoi-bionzo 


. 5 95 

6 Aliimmium-bronze . 


. 6-13 

. Cast brass . 


. 6-69 

8. Crotorito .... 


. 8M(t 

9. Rolled gun-metal 


. 8-72 

10. Ca^'t phosphor-bronze A . 


. 9-13 

11. Cast gaii-mctal . 


. 9 40 

12. Cast phosphor-brioizi'. 11 


. 9-til 

13. „ C . 


. n-47 

H. „ D . 


. 18-48 

o.sioN IN A Solution ok 20 r 

CKN1 

HYnuoci 

Acid and 10 per cent, of Souiuji 

(JULOIUPK. 

1. Imniadium-bfonze II. 


. 28-94 

2. Rolled brass 


. 31-46 

8. Manganese-bronze 


. 32*76 

4. Imnmdium-broiize I , 


. 34 81 

5. Cast brass .... 


. 35-83 

6. Aluniinuim-bronze . 


. 41-14 

7. Crotorite .... 


. 44-83 

8. Cast phosphor-bronze A 


. 46-44 

9. „ „ B . 


. 48*56 

10.C . 


. 47*11 

n. Rolled phosphor-bronze 


. 48*64 

12. Rolled gun-metal 


, 48-8*2 

18. Cast gun-metal . 


. 48-80 

14. Cast phosphor-bronze D , 


. 64-62 


Mr Rhodin has made a special study of the corrosion of copper 
alloys, and he divides alloys into two classes which ho describes as 
“balanced” and “unbalanced.” Balanced alloys are supposed 
to be analogous to double salts, and the theory of solution is as 
followsWhen brass (to take an example)* dissolves in hydro- 
chlorie acid, zinc chloride aud copper chloride* are turned. Now 
the heat of formation of zino chloride is greater than that of 
copper chloride, henee ih order that the total energy of the 
system may remain balanced, the “tendency to dissolve would 
vary directly as the heats of formation.” Further, the zinc 
and copper will caiTy current in the direct ratio of their 
conductivities, and dividing by the ‘densities, we have two 
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expressions representing the ratio of the weights of each metal 
dissolved, 

YxMxC 

U 

where V is the valency of the metal, 

M the molecular heat of formation of the chloride, 

C tlie conductivity, 
and D the density. 

In the case of brass, these expressions give values for copper 
and zinc of 61 and 39 respectively, which is approximately the 
composition of Mnntz metal and the alloy which Mr Ithodin finds 
the least corrodible of the copper-zinc alloys In coiilirmation of 



Fio. 61.—Rhodin’s Corrosion Apparatui 

this theory Mr Rhodin states that the addition of a more electro¬ 
positive metal such as aluminium decreases the solubility of a 
brass containing 70 per cent, of copper, but increases that-of 
brasses with less than 60 per cent, of copper; whereas the addition 
of an electronegative metal such as tin has exactly the reverse effect. 

In order to oodipare the rates of dissolution of alloys Mr 
Ehodiii has'‘devised an apparatus for measuring the volume of 
hydrogen evolved during a given time. The apparatus is shown 
in fig. 51, and explains itself.* The water-l»th in which the 
dissolution fiask is immersed must be kept at exactly the same 
temperature, and two burettes are provided with a three-way cook, 
so that readings can be taken at intervals df ten minutes by using 
' Figs. 61 and 52 are inserted by permission of publishers of Mgvmr, 
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the burettes alternately. The alloy to bo tested is drawn into 
wire about 0'5 mm. in diameter, and a length is cut off sufficient 
to provide a surface of 2 sq. om. Strong hydrochloric acid is 
used as a solvent, and for copper alloys a temperature of 80' is 
maintained. Fig. 62 represents some curves given by Mr Rhodin 
as typical of the following alloys 



1. Copper of good quality. 

II. Bronze containing 90 per cent, copper and III per cent. Sn. 

III. Admiralty gun-inetal. 

IV. Muntz metal and very good manganese-bronze. 

V. Brass containing 70 per cent of copper. 

VI. Low percentage brasses, rich in iron. 

VII. and VIII. Low percentage brasses of manganese-bronze 
type which contain incompatible ingredients. 
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As the result of his esperimouts Mr Rhodiii arrives at the 
conclusion that in a given series of copper alloys “ the alloy which 
has the flattest and most regular dissolution curve, does at the 
same time possess the best mechanical properties.” 

A great many papers have been written on the subject of the 
corrosion of non-ferrous metals and alloys to which it is un¬ 
necessary to refer in detail here. An excellent summary of these 
papers has been given by Bongough in a report to the Corrosion 
Committee of the Institute of Metals published in 1911. 

As regards the corrosion of steel and iron alloys Howe has made 
a number of exhaustive trials with wrought iron, steel and nickel 
steel. The plates tested in these c.xperiments weighed 2597 lbs., 
and the total area exposed was 928 sq. ft. The results are 
summed up in the following table, wrought iron being taken as 
the standard in each case 



Sea Water. 

Fresh Water. 

Atmosphere 

Average. 

Wrought iifiii 

100 

100 

100 

100 

MildHteol 

114 

94 

103 

103 

8 ]ior cent, nickel steel . 

83 

80 

67 

77 

26 per cent nickel steel. 

32 

32 

80 

81 
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CHAPTER VII. 

COPPER ALLOYS, BRONZE. 

It is customai-y to connider the alloys of copper \mder three heails, 
viz. (1) The bronzes, or alloys consisting mainly of copper and 
tin; (2) the brasses, consisting mainly of copper and zinc; and (3) 
Other alloys of copper. Although not an entirely satisfactory 
olassilication, there is much to be said in its favour, and it is to be 
regretted, that manufacturers in some instances use the terms 
brass and bronze indiscriminately. Alloys, for example, contain¬ 
ing from 60 to 70 per cent, of copper and 30 to 40 per cent, 
of zinc, together with small percentages of iron, aluminium, or 
manganese, would be far more accurately described as brasses 
than bronzes, and yet these alloys are frequently described and 
sold as bronzes. If such alloys contain aluminium or manganese, 
or even if these metals have beeh employed in their manufacture, 
they might be described as aluminium-brasses or manganese' 
brasses, but not bronzes. The terms brass and bronze are so 
firmly established in the English language that it would be 
inipossible (even if desirable) to adopt any other classification, 
and the words should therefore be employed with discretion. 

Bronze. 

Historical.—The word bronze, derived from the Italian bronzo, 
appears to have been introduced into the English language in 
the 16th century. The alloy, however, was known in very early 
times, and a rod of m^al found by Dr Flinders Petrie at Meydum, 
and estimated to belong to a period about 3700 n.c., was found 
to contain 89'8 pej cent, of copper and 9'1 per cent, of tin, 
141 
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together with smnll quantities of impurities. Whether the tin 
is present as an impurity or whether it was added intentionally 
it would be difficult to say ; but it is curious that the proportion 
of tin to copper is very nearly the same as that of modern bronze. 

Some battle-aies and other objects from the deposits, which 
Schliemanu dated at about 1200 B.O., and which he identified 
with Troy, were found to consist of copper and tin, the tin 
Varying from 3‘8 to 8'6 per cent.; whereas the objects found 
in the earlier deposits were of copper. The oldest relic which 
can be dated with any accuracy is a sceptre of Pepi I. (6th dynasty), 
which is almost pure copper. All the available evidence seems 
to prove that a copper age preceded the bronze age, and it is 
more than probalile that the production of bronze was in the 
first place the result of accident, and that the intentional addition 
of tin to copper was only the result of experience. Bronzes have 
been found in Egypt dating from very early times. In Greece 
bronzes were very rare in Homeric times (900 B.o.), and the Greek 
and Trojan heroes (1194-1184) used copper for their armour, 
swords, knives, and spear-heads. 

As regards the relation of the bronze age to the iron ago there 
has been much controversy, and it has been proved by recent 
discoveries that the iron age is of a much earlier date than was 
formerly supposed. At Hallstadt, in Upper Austria, no less than 
6084 objects were obtained from a prehistoric cemetery. These 
include tools of copper and bronze and swords both of copper 
and iron, together with those of a transition period having blades 
of iron and handles of copper. Montehus considers that the 
bronze swords belong to a period about 850 to 600 B.O., and the 
iron swords to a period about 600 to 400 b.o. 

In Egypt, Assyria, and Babylonia instruments of bronze have 
also been found, together with those of iron; while in Ireland, 
.India, Cyprus, and other countries, weapons of almost pure copper 
and similar ih form' to those of stone have been found; so that 
it appears safe to conclude that the bronze age overlapped on 
the one hand the age of copper, ®id possibly the age of stone; 
and, on the other hand, the great age of iron. The earliest 
bronzes consist almost entirely of copper and tin; but many of 
the Roman bronzes contain large quantities of lead. The addition 
of lead is, in fact, due to the Romans, and first appears in aes 
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tigmtim (429-461 B.o.). The following table gives tlie analyses 
ol iJome ancient bronaes 



Copper. 

Tin. 

head. 

lion. 

Celtic vessela. 

88-0 

12-0 



Bronze nails. 

95-1 

4-9 



Bronze (Troy, 1200 B.c.) . 

90-7 

8*6 



Bronze ,, ,, ... 

93 8 

6'7 



Roman sword blade .... 

91-4 

8-4 



Coin of Ptolemy IX. 

84’2 

16 0 



Atlienmn coin. 

89-4 

9'9 



Coin of Alexander the Oreat 

867 

13*2 



Axe-head. 

88*0 

11*2 

08 


Attic coin. 

88-6 

10-0 

1 1 


Coin of Julius Cfcsar .... 

79’1 

8-0 

12-8 


Roman As. (b c. 600) .... 

69'7 

7-2 

21-8 

0-6 

Sword blade ... 

89-6 

10-0 


0-4 

Egyptian statue. 

81-2 

26 

16-0 


„ statuette Osins {3ii0-200 ij c.) 

78*8 

11*2 

11-7 


Greek statue, fifth CBiituiy B.c. 

84*6 

9-6 

6-3 


„ „ fourtli ,, • 

89 0 

61 

49 


,, rase ,, ,, >t ■ 

Roman statue. 

81-7 

10-9 

5'3 

0-1 

78-3 

10*8 

10-2 

O'l 

,, statuette. 

78-8 

9*0 

12'1 

o-l 


The presence of lead in bronze was probably due, in the first 
place, to the fact that the tin was adulterated with that metal; 
but it was probably soon discovered that the addition of lead 
conferred valuable properties upon the alloy, and the bronzes of 
later date almost invariably contain appreciable amounts of lead. 

The presence of sine in bronze was also probably the result 
of accident, due to the introduction of zino ore into the furnace 
charge. An Etruscan bronze, dated the fifth century B.O., was 
found to contain 0'73 per cent, of zinc. Early Japanese bronzes 
have also been found to contain appreciable quantities of zinc as 
well as lead. 

Modem Research.— The most convenient date from which to 
begin the study of modem research on the Jopper-tin alloys is 
1879, for in that year the Committee on Alloys appointed by the 
United States Board published a table in which the results of 
their own researches and those of previous workers were collected. 
This table has been frequently quoted in books dealing with 
alloys, and as it contSlins much valuable information in a con¬ 
densed form it is inserted here:— 
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LIST OF AUTHORITIES UKKERRED TO IN rRUOF.OINC TMU.K 

Bo.--Bo)lfcy, rl /{<■ :nT(li''s j)|i :il,S. 

Cr.--Croockewi(, A'/i/'z iric/.s Joi////,//, >h |>p 87 'J'^ 

C. J.---Calvort luid Johnson, “ Sjumlic I’hil. M.m , ]' h, \ ul wii 

jtfi l]'i 121, “ I h'.u (!nii(inciivu}/'A// , is.iS, |,|i. ;j i<) • 

De—S B Dean, No. xl , Wa-tiiiioton hs7;''. 

La -'Lid'oiul. Diiiiilr)\J(mrvi<!, 1808, \ol rxxw |i. 2t;9 
Ml --Mallet, I'Inl. Maq . 1.S12, Vol XXI. ])|> '>() oS 
Ma—Matthio.'Hen, I'hJ 7Vr//fA'., 180i). ]> hj) ; ihu! , iS'il iip I'w ‘Jno 
Mar - Miircliaiul niid Sclieorer, lur yoo/Z/su/o’ ('Imme \ol x\.\i 

l>. 19.1 (< Ink’s (>.iist Allis o( N.ii ini' I 
MuH. — MuhsClienbroi'lc Ihr's !hd,>i,i,irii, Aiin'k' •‘Alloy ” 

Hi.—Rielie, Innuh^. <lc i'hniut, ]s7M, \oI xx, p|) il.-l M'.' 

df I'.nndiilir,- an MclaUtr JUai/.s a/ijhm/f'J. hi/ I'llihti Shil,- 
Haard (0 le4 Jian, AV"/, -Ir 

T Thomas Tlioiiison, ^ (’'la-mc, 18 M, vol l\\\i\ pp-^-li) 

W -Wall.s’ lU i’Oinuij "f Chi'ni i’-tm 

Wa. Major Wa<le. I’liiU'il S|,iii“, Aiiiiv. an PJ' /h / imr/tfs a,i l/,/o/ 

for ('nilliou, I’iill , Islo) 

We. -Wculemanu. I'hd M"g , 1800, vol xix pp. ‘2-hl,‘ill. 

In tlie t(jrogoiiii«; table the ligures ol older of duelility 
h.irdiiess, ami rusilnlily are taken from M.illel’s iwpi iiineiit 
on a series of sixtoeii alloys, tlie tii;iire 1 U‘[iie8entiiig th 
inaxiinum ami 16 Llie miniiuuifi of tlio pro[)erty. The diictilit 
of the btittle nmtala m represented as 0. 'I’he relative ductilit/ 
given in the table of the alloys expeinneiiU'd on by the U si 
Bo.ird is the })ro[)orr.ionate e.xrension of ihe exteiior fibres of th 
pieces tested by torsion, iis deteiinimd hy the autogiaph straii 
diagrams It will bi' seen that the order of due.nlity dill’er 
widely from that given hy Mallet. 

d'ho figures of relative hardness, on the iinthority of Calver 
and Johnson, arc those oht,lined by Them by means of ai 
indenting tool. The lignres are on a seale in winch cast iroi 
is rated at 1000. The worrl “broke” in tins column indicate 
that the alloy opposite which it occurs broke under the indentinj 
tool, showing that tlie relative hardness cmild not be measured 
but was considerably greater than that of cast iron. 

Since the ]>]iblii*atmn of this table the copper-tin alloys have beei 
subjected to a very tlmrougli iiivestigitimi, and their physical am 
chemical as well as their mechanical propertie.A have hceii studied 
It would take too long to consider the various researches in detail 
but the results may bo brielly slated. The melting-points am 
thg microscopical examination of tiic alloys have already heei 
referred to, and in addition to these Laui^e (and more recentb 
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Hci'schkowitscli) have ihheriimicd the cli'ctroinotivv fmec , Loilee 
ha.s (leterjniiicd the eoiiduetiviU'.md Ir.TMdiknwiUdi 1 ms detor- 
iriined the heat of foniiatmii. || 1 ms .ds„ l„.ei, sho«n 1„ |,od„ux 
that the tlicrnio-eleetne power has .i maMiimii. i.due for the 
eoi]ipo.sition eorrespoudinp to I'lpSii and a iinninniin I'oi the com 
position corre.spimdino to (;ii,Sii 

Ihe variations in the phv.sieal [iropci(les of liie senes aie 
plotted in litt, I I, and it will he oliseii'ed ih il the eiidenee in 
support of the eMSIeiiee ol adehnilo coiiipoon,! roiies[ioiidiiin to 
the fnrniiila (hnSii is o\m wheliiiiiie 

A pdanec at the corves repiese„i,i,e toe physie.d and iiieeh,lineal 
properties of the copper-tiii allovs (tiys I 1 and Ifi) will show that 
from a inechaiiie.il point of view the middle niemljers of the 
series ,are valueless, and in fact the itsefnl alloys do not eoiilaiii 
uioie than d.h per cent, of copper These in turn may he divided 
into two classes, viz ■ (I) aun metal, conhunino from .s to It pei 
cent, of tin ; a.nd (2) hell-nietal, containing liom La to‘2.a per cent 
of tin. 

Gun-metal, as is well known, derue.s its nanio from the fact 
that helore the inlrodnelion of .steel as a ni.iterial for the mami 
■ faetnre of oiiiis they were made of this alloy 

The following tahh-, ydviiio the compoolion of the aelual alloys 
.employed m the maiinf.udnre of oidnaiiee h\ llie ihlleieni 
eoiintries, shows that, with the exeeplion of the Chinese, theii^ is 
not inneh dilt'ereiii'e helween them 



CopjiOl 

'i’lii. 

Ii-ijii 

Zinc 

hiM.I 

linglis)) 01 fit),nice 

91 71 

8 -JO 




8 jtiiiiiidi'i ciiiis 

9i 'hrt 

8 ;j.i 




l’iU''Mau (miiiiince 

90-91 

9-09 




Flench 

90-73 

9 27 




Amcnc.iii 

90-00 

10 1)0 

. » 



Jliissiaii ,, 

SS 01 

10-70 

-6!1 



•Swiss ,, 

88 93 

10-38 

•11 

••12 

or. 

Uliinese ,, 

77'18 

3-12 

lid 

5-02 

13 22 

" 

93i9 

5 43 

1*38 




The bronze.s eoiitaniing from 8 to II per cent, of tin are the 
most suitable wheie a’eonihination of strength, elastnnty, tough¬ 
ness, and ability to wilhstand shock lire required Tin- alloy 
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containing 9 per cent, of tin has a tensile strength of about 16 
tons per square inch, with an elastic limit of 6'6 tons per square 
inch and an elongation of 16 per cent. 

Gun-metal, as has already been stated, consists of a solid 
solutiiin of tin in copper containing a certain amount of the 
definite oonipound Cu^Sn. When viewed under the microscope 
the solid solution is yellow in colour, while the compound is almost 
white. It is curious that this constituent does not form until 
the alloy is completely solid; and moreover, as was first pointed 
out by Chnrpy, it never occurs in a uniform mass, but is always 
more or less broken up. Photographs 9 and 10 show the appear¬ 
ance of a gun-metal magnified 100 diameters, and photograph 11 
shows tlie appearance of the Gu^Sn under a higher magnification. 

Influence of Heat Treatment on Bronzes.—It has already 
been shown that the bronzes containing from 9 to 22 per cent, of 
tin pass tlirough three distinct stages during solidification. In 
tlie first place, a solid solution of tin in copper (lleycock and 
Neville’s a constituent) separates out at temperatures varying 
from 1020° in the case of the bronze containing 9 per cent, of 
tin to 800” in the bronze containing 22 per cent, of tin. At 790° 
the remainder of the alloy solidifies in the form of a second solid 
solution (lleycock and Neville’s )3 constituent) containing from 
22'6 to 27 per cent, of tin. The solid alloy now consists of two 
solid solutions and undergoes no further change until the tempera¬ 
ture falls to 600°, when the ^ solution is no longer stable but 
breaks up with the formation of the 8 constituent, wliich is probably 
the compound Cu^Sn. The alloy now consists of a mixture of 
o and 8, and is stable at the ordinary temperature. 

It is obvious from the foregoing considerations that heat- 
treatment must have a very decided influence on the physical 
"properties of the alloy. If, for example, the bronze is quenched, 
at a temperature 'above 600° the formation of Cu^Sn (a hard, 
brittle constituent) is prevented, and the alloy is more malleable 
and stronger. The change is most strongly marked in the case 
of the alloys rich in tin. > 

Quillet has made some experiments on the mechanical properties 
of bronzes quenched at various temperatures, and his results 
confirm the conclusions wliich would be drawn from theoretical, 
oonsiderations. The ouives in fig. 53 are plotted from Guillet’s 
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figures, and represent tlis breaking strain of five bronzes con¬ 
taining respectively 95, 91, 87, 84, and 79 per cent, of coppfer. 
These results explain the fact, which has long been known, 
that bronze can be forged at a temperature just below redness, 
and that bronzes (juenched at or above that temperature become 
malleable. The Chinese were evidently well aware of this property 
of the bronzes; for their gongs have the composition of these 
bronzes, and wore not cast, but hammered. 

Zeughelis haj described an ancient bronze coining die found in 
Egypt in 1904. It dates from 4110-3112 b.c., and is the only 
genuine example of an antique bronze die. An analysis of the die 
showed 69'85 per cent, of copper, 22-51 per cent, of tin, and 7-6 
per cent, of oxygon. No impurities were detected, and from the 
analysis and the relative oxidation of the two metals Zenghelit 
concludes that the original composition was as nearly as possible 
75 per cent, of copper and 25 per cent, of tin. 

The die has not been examined microscopically, but there is 
tittle doubt that the alloy was quenched in order to enable it to 
stand the shock of coining. 

The influence of annealing on bronze is of some interest and 
under certain circumstances of considerable ])riictieal importance. 
If the alloys are annealed at temperatures below .500“ (that is to 
say, the temperature at which the 8 constituent, or Cii.,Sn, is 
thrown out of solution), the separation of the two constituents is 
rendered, more complete, and in consequence there is a slight 
decrease in the tensile strength. If, however, the annealing takes 
place at teinperatiires above 500“, the copper absorbs or dissolves 
more of the 8 constituent, and in the case of bronzes of the gun- 
metal type containing 10 per cent, of tin, the whole of the 
8 constituent may be dissolved, with the result that an alloy 
consisting of a single solid solution is obtained. The change is 
accompanied by a nfarked increase both in tensile strength and 
elongation. The nlaximum effect is obtained at 700'; beyond 
this there is evidence of incipient fusion, and the alloys develop 
intercrystalline weakness. 

The following tests given by Primrose were made on liars of 
Admiralty gun metal (88 copper, 10 tin, 2 zinc) cast in dulls:— 
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Tenipciahiro 

Time in 

Teiisili' Si length 

Klong;iin>n 

of Annealing 

mimilejj. 

in tons pei »<j in. 

p( 1 cent. 

v. 


18-6 

20-0 

500 

00 

16 7 

0-0 

000 

00 

16’0 

7 0 

650 

00 

10-.h 

27 0 

700 

30 

ZZ'.') 

■1.^-0 

750 

30 

21 0 

40 0 

800 

30 

18-() 

31 0 


Where it is debirt'd to produce a hoitio^cncoiis alloy possessing 
great strength and ductility, annealing may he U‘sort<‘d to with 
advantage, but it must be remembered that a high tensile 
Strength au<i elongation are not always necessary or even d(‘sir- 
able. For example, a gun-metal intended to withstand hydraulie 
pressure would bo improved by annealing, wheieas one intended 
for a bearing or any other maclnne part subjected to friction 
would be seriously injured’by the same treatment. 

Modern bronze ueaily always contains small (piaiiLities of lead, 
zinc, and iron, which are often purposely added wilh the object 
of conferring special pro]jerties upon the bron/.o 11, however, a 
combination of strength and elasticity is required, the alloy should 
be as free as possible from these additions. 

Lead, excejit in very small quantities, does not alloy witli bronze, 
but separates out in, the fuimof minute gluhules as the metal 
cools. The best bronzes should not contain more than 0d5 per« 
cent, of lead; but m cases where an alloy of great streiigtii is not 
necessary, a larger amount of lead is sometimes added, as it enables 
the metal to be more easily turned or Hied. For special purposes, 
however, a much larger quantity of lead is added. The most im¬ 
portant of these are the bronzes used for bearings and for statuary. 

Zinc in small quantities has a very bencHcial iriHuencc when 
added to bronze. Being an easily oxidisable metal it combines 
with any oxygen which may be present, eithei’in the free state or 
in the form of dissolved oxides in the molten inerfal, with the 
result that the metal is more fluid—“runs thinner,’' as it is 
described, and gives castings free from the defo<q.s known as pin¬ 
holes. A slight excess of zijic will merely alloy with the bronze, 
without materially afleotiiig its quality; but the excess of zinc 
should not exceed 2 per cent., otherwise the colour of the bronze 
,will be injured and the alloy will be harder, but weaker. 
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Irou alloys with hton/.ft, niakmg the resulting alloy lighter in 
colour and oniisuleiably hauler. It ineioa^os the tenacity, and is 
useful where a very haid biunze is rei|inred. ‘ 

Bell-metal containe from 16 to ’25 per cent, of tin and the 
remainder copper. Lead, zinc and other mipurities should not be 
present in more than traces in the beat metal. largo bells 
contain the largest amouuta of tin, usually about 25 per cent., 
while small bells contain about 16 per cent. The tone of a bell 
can bo modilied to a certain extent by altering its composition, 
but the purity of tone is a matter which depends more upon the 
skill of the designer and the founder than upon the composition. 
In fact, tho shape of a boll is of the utmost importance, and it is 
probable that few metals or alloys could not bo used in tho 
manufacture of bells, il they were of the propel shape. 

In this connection it is not without interest to recall the fact 
that as far back as 1726 Leiiiery noticed that under certain 
ooiulitions even lead becomes almost as sonorous as bcll-metal, and 
Riaumur, to whom Lcincry coiumuiiicated the fact, subse(|ucutly 
showed that it was necessary to cast the lead in tho form of a 
segment of a sphere. The following table will give an idea of the 
very variable composition of the alloys' used m the manufacture 
of bells 1 — 



Copi»or. 

Tin. 

Zmo. 

Lead. 

Aiitiiiioijy. 

Laip;e bolls . 

76 

24 




Hoiifae liftlls . 

78 

22 




Musical bells 


20 




84 

16 




Clock bolls . 

75 

25 




Old bell at Rouen . 

71 

26 

1-8 

i'2 


Small bells . 

40 

60 




*» II • • 


87-6 



12'6 


Bell-metal when' slowly cooled is very hard and brittle. ~ It 
consists largely of the compound Ca,Sn, and is therefore very 
susceptible to heat treatment. When chilled fiom a low red heat 
(t.e. at a temperature above that at which Cu^Su forms) it is more 
yellow in colour and midleahle. 

As regards English bells the earliest existing example to which 
a date can be alllxed is to be found in the village of Claughton, 
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near Lancaster. It is sli^'litlj over 16 niclica in ln‘ii.'lit, 21 in 
dmmetcr at ihe lip, and bears the dale 12'.K> From this lime 
bells with inscriptions and date.s are to be found, and the history 
of bell-tou'ndino in this country can be traced. Tlic earliest 
instructions for bell-i'onndinp occur in a treat i.so by Walter of 
Odyneton, a monk of Kvealiam, in the time of Henry III , who 
describes the method of fonndin(> and also the method of 
determining the relative sizes of the bells necessary to produce 
the required notes. 

Many of the well-known large bells have been recast from older 
bells. Thus “Great Dunstan “ of (Canterbury, ueighing 5^ tons, 
was recast in 1762 from an old boll, originally the gift of Prior 
Molass in 1430. “Bell Harry" was likewise recast in libi.h from 
an old bell said to have been the gift of Henry VIII. Tho famous 
“Great Tom” of Oxford was removed from Oseney ,\bhey to 
Oxford at tho time of the dissolution of tho monaslei ics, and has 
passed through many vicissitudes. It was recast in 1612, again in 
1654, and in 1680 three unsuccessful atteiiqits to recast it were 
made, the mould bursting in the third attempt. The ne.\t 
attempt was successful, and tho bell was again recast in 1741 

Of the more modern and largest bolls may be mentioned 
“Peter” of York, cast by Charles and George Mears at the 
WhitecTiapel foundry in 1845. It weighs about 12^ tons, is 
7 ft. 4 in. in diameter, and cost £2000. 

The original “Jlig Bon” of Westminster was cast by Messrs 
Warner & Son in 1866, and weighed 14 tone, with a diameter of 
9 ft. It was found to be cracked, and was recast by the Moafs 
at Whitocliapel with a slightly reduced weight and a very much 
lighter clapper—6 cwt. instead of a ton. 

“ Great Paul ” of St Paul's Cathedral was cast at the Lough¬ 
borough foundry in 1881. It weighs 16 tons 14 cwts, 75 lbs., and 
has a diameter of 114J inches. 

Statuary Bronze.—Tho essential features of a 8*aluary bronze 
are—(1) that it shall be very fluid and easily cast; (2) that it 
shall be capable of being finished and I'asily liled; (3) that its 
colour shall be as nearly that of gun-metal as is consistent with 
these requirements; and (4) that under the influence of the 
atmosphere it shall assume a pleasing oxidation tint or “patina,” 
as it 13 called. 
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The alloy which has ,been found to possess these propertied 
BOst nearly lies midway between the bronzes and the brasses, and 
iBually contains a considerable percentage of lead. The following 
:ablo shows the percentage compositions of a number of celebrated 
itatues:— 







Iron. 

,NickeI. 








Column of July, Paris 

91 40 

1*60 

5 60 

1*40 

... 

... 

Henry IV., Paris 

89*62 

5-/0 

4-20 

0*48 



Louis IV. equestrian statue, 

91'40 

1 70 

5*58 

1 37 

... 

... 

Paris, 1699 







The Shepherd, Potsdam Palace 

88-68 

9*20 

1*28 

0-77 

o-i's 

... 

Bacchus, Potsdam Palace . 

89*34 

7-60 

1 63 

1-21 


Germanicus, Pot-sdam Palace, 

8978 

6-16 

2 35 

1-83 



1820 







Mars and Venus, Munich, 1685 

94*12 

4-77 

0-30 

0-67 

... 

Kin 

Bayaria, Munich 

9r66 

1*70 

6*60 

1*30 



Grosser Kurflirst, Berlin, 1708 . 

89*09 

6-82 

1*64 

2*82 

O’is 


Frederick the Great, Beilin 

88*30 

1*40 

9-60 

0-70 



Molanchthon', Wittenberg 
___1. 

89-65 

2-99 

7-46 





The addition of zinc renders the alloy more fluid, and greatly 
facilitates the operation of casting. Too much zinc, jiow^ier, 
should, be avoided, or the metal will have a brassy colour, and 
Will not assume a pleasing “pabma” on exposure to the atmos¬ 
phere. .1 

The presence of lead in statuary bronze is very important. In 
the first place, it appears to give a very fluid metal, but it also 
causes the bronze to acquire a beautiful brownish black patina, 
oharacteristic of many old bronzes on exposure to the atmosphere. 

Coinage Bronze.—A bronze which is to be used, for coinage 
must be majleable and ductile, so that it will take the impression 
of the die; an^ as hard as possible, in order to withstand wear. 
In May 1862'France adopted an alloy of 96 per cent, of aiopper, 
4'per cent, of tin, and 1 per cent, of zinc, and the same alloy was 
ifitBt used in England'in 1861, It is extremely durable, and is 
j^e alloy eAployed by both countries at-the present time. The 
aujt that a large number of the coins struck iii 1881 are still in 
Srculation and the date and lettering perfectly legible, is sufficient 
eyidenoe of the hardness and durability of the alloy. , 
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For medals where fine relief is required a somewhat softer 
alley, containing less tin, is used. 

Speculum metal derives its name from the fact that it was tho 
alloy employed for the manufacture of reflectors. Until com 
paratively recently it was used for telescope and other optical 
reflectors, but these are now made of glass. Speculum metal 
contains 66'6 per cent, of copper and 3.1'4 per cent, of tin, and 
consists of the compound SnCu^. It is extremely hard, brittle, 
white, and takes a very fine polish. The composition of well- 
known telescope mirrors varies from 66 to 70 per cent, of copper, 
the famous Boss reflector containing 68’21 per cent., and the 
Birr Castle 70'3 per cent. 
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CHAPTER VIII. 

COPPER ALLOYS, BRASS. 

The discovery of brass vessels and implements of very early origin 
is proof that the alloys of copper and zinc were known to the 
ancients ; but there is no doubt that, just as in the case of bronze, 
the early brasses were produced accidentally owing to the admix¬ 
ture of zinc ores with the copper ores. Later on the addition 
of calamine to copper ores became the regular method of making 
brass, and was long practised without any knowledge of the part 
it played in producing the beautifully coloured metal. 

There is no doubt that thei Romans were the first makers of 
brass, and the intentional addition of zinc appears to have begun 
in the time of Augustus (30 B.o. to 14 a.ii.), one of the earliest 
examples being a coin of 20 B.a which contains 17'3 per cent, of 
zinc. 

The following table gives the composition of several early brass 
coins;— 



Copper. 

Tin. 

Zinc. 

Lead. 

Iron. 

Augustus, 80 B.O. to 14 A.D. . 

87-06 

0-72 

i 

11*80 

trace 

0 48 

0 

Tiberius, 4J^ to 64 A.D. , 

72-20 


27 70 


... 

Nero, 64 to 68 A.D. 

77-44 

0-30 

21-60 

ti'ace 

082 

Vespasian, 71 a.d. 

8197 


18-68 

0-14 

0*12 

Trajan, 08 to 107 A.D. . 

77-69 

0-39 

20-70 

... 

0-27 

Sabina, wife of Hadrian, 100 to 
187 A.D. 

82-86 

.0-43 

16-84 

trace 

0*88 
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The early history of brass in this country can be traced by 
meahs of the ecclesiastical brasses or {attena eiisting m our 
churches. Latten was the ancient name of the alloy (which is 
still retained in the P'ronch word laiton), and until the middle of 
the sixteenth century it was manufactured in Flanders and 
Germany and imported into this country, principally from 
Cologne, in the form of rectanguhr pieces known as Cullen 
plates. The alloy ooutained considerable quatitities of lead and 
tin, and it is probably on that account that the brasses have lasted 
so well. 

The earliest existing brass is that of Sir John Daubernoun at 
Stoke d’Aberuon in Surrey, and dated about 1277. The brass, 
76 in. in length, is in the pavement of the village church, and 
represents Sir John Daubernoun in a complete suit of chain 
mail. 

From this date onwards there exist a complete series of brasses 
which have proved of the greatest historical value. Although 
there are no available analyses of the earliest memorial brasses, 
several of slightly later date have been analysed and the composi¬ 
tions of a few of these are given in the following table;— 



Copper. 

Tin. 

Zinc. 

head. 

Iron. 

English memorial brass, 14th century 

60 64 

trace 

•28 "27 


0-08 

.. 

146(> . 

67'64 

110 

24 16 

7-14 


>> 1) 

1470 . 

66-81 

2'66 

28 50 

218 



1504 

84-00 

8'00 

29-50 

8-60 

... 


In the middle of the sixteenth century there is a marked change 
in the quality of the brass, which now began to*bo manufactured 
in England instead of being imported. For the purposes of 
memorial tablets the English brass was unsuitable, and, according 
to Mr Maoklin, it “ was cast, or more probably rolled, in thin 
plates which have worn grievously." 

With regard to the manufacture of brass in England, Haines 
states that in 1565 Queen Elizabeth granted a patent to Wm. 
Uumfrey, assay master of the Mint, ttud Christopher Shutz, to 
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search and mine for calamine, and to have the use of it for making 
all sorts of battery wares, cast works, and wire, of fatten. Siiliilar 
privileges were granted to Cornelius Devos, Daniel. Houghsetter, 
and Thomas Thnrland, and in 1568 the company of the mineral 
and battery works was incorporated. In 1684 a lease of works 
at Isleworth wag granted to John Erode, and shortly afterwards 
several other mills were set up. 

In 1700 the brass industry was firmly established in this 
country, and with the success of the famous Cheadle works, which 
were established in 1730, the industry ^oon grew to be one of the 
most flourishing. Owing to the fine colour of the alloy and the 
ease with which it lends itself to all kinds of mechanical treat¬ 
ment, it has become the most extensively used of the copper 
alloys. According to its composition, brass may be obtained hard 
and strong or sufficiently ductile to be drawn into wire or 
hammered out into sheets whoso thickness is not more than 
JCffCC inch. 

The properties and constitution of the copper-zinc alloys were 
naturally studied by the early workers, but it is unnecessary to 
consider their work in detail. The following table, drawn up by 
the Committee on Alloys appointed by the United States Board, 
contains in a condensed form the results of investigations down to 
the year 1881;— 


[Table. 



Unitbd Statbs Board {Report^ vol. ii. 1881). 
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Remarks. 
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mg. 

SpeciQc gravity 
of powder 8 39. 
Good brass wire. 
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ing. 

Suitable fur forg* 

mg 

Strong solder for 
brass. 

Bristol metal. 
Suitable for forg¬ 
ing. 

Muntz metal. 
Ship's sheathug. 

Autlioritf. 

Ml. 

Cr. 

C. J 

Bo 

Bi 

Bo 

Bo 
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1 The properties mentioned by Mallet are wrong. See note on p. 172. 
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LIST OF AUTHORITIES REFERRED TO IN PRECEDINQ TABLE- 

Bo,—Bolley, jFmotj et Recherchet Chimiqms, Paris, 1869. 

Or.—Croockevit, Erdmann's Jowmal, vol. xlv. 1848, pp, 87-93. 

0. J.—Calvert and Johnson, Phil. Mag., vol. iviii. 1860, pp. 854-369 ; ibid., 
vol. xvii. 1869, pp. 114-121; ibid., vol, xvi. 1858, pp. 881-883. 

Ma.—Matthiessen, Phil. Trans , 1860, pp. 161-184 ; ibid , 1864, pp. 167- 
200 . 

Ml.—Mallet, Phil, Mag., vol. xxi. 1842, pp. 66-68. 

Ri.—Riche, Annales de Chimie, vol. xxx. 1873, pp. 361-410. 

T7.S.B.— Report of Committee on Metallic Alloys appointed by United States 
Board, Thurston’s investigations. 

We.—Weidemann, Pogg. Annalen, vol. oviii, 1859, pp. 393-407. 

Prof. R. H. Thurston, who conducted the investigations for 
the United States Board, makes the following remarks on the 
preceding table:— 

“Alloys having the name of Bolley appended give compositions 
and commercial values, and mention valuable properties, such as 
are given in the column of remarks, but do not give results in 
figures as recorded by other authorities. The same properties 
and the same name are recorded by Bolley for alloys of different 
compositions, such as those which in the column of remarks are 
said to be suitable for forging. It might be supposed that such 
properties belonged to those mixtures, and not to others o^similar 
composition. It seems probable, however, that when two alloys 
of different mixtures of copper and zinc are found to have the 
same strength, colour, fracture and malleability, it will also be 
found that all alloys between these compositions will possess the 
same proportions; and hence that, instead of the particular 
alloys mentioned only being suitable for fdrging, all the alloys 
between the extreme compositions mentioned also possess thSt 
property. 

“ In the figures given from Mallet under the heads of order of 
ductility, order of nlalleability, hardness, and order of fusibility, 
the maximum’bf each of these properties is represented by 1. 

“The figures given by Mallet for tenacity are confirmed by 
experiments of the author, with a few very marked exceptions. 
These exceptions are chiefly the figures for copper, for zinc, and 
for CuZnj (32‘86 per cent, of copper, 67-1,6 per cent, of zinc). 
.The figures for CuZn^; as given by Mallet, can, in the opinion of 
the author, only be explained on the supposition that the alloy 
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tested was notCuZiijibut anothercontaining a percentage ot copper, 
probably as high as 55. The figure for the specific gravity (8’'283) 
given by Mallet indicates this to be the case, as also does tlie colour. 

“The figure for ductility would indicate even a higher percent¬ 
age of copper. The name watchmaker’s brass m the column of 
remarks must be an error, as that alloy is brittle, silver-wliite 
and extremely weak. 

“Tbe figure of Calvert and Johnson and Riche,'e8 well as those 
of the author, give a more regular curve than can be constructed 
from the figures of Mallet. 

“ The specific gravities in Riche’s experiments were obtained both 
from the ingot and from powder. In some cases one, and in 
some cases the other, gave highest results. In the table under 
the head of specific gravity Riche’s highest average figures are 
given, whether these are from the ingot or from the fine powder 
as probably the most nearly correct. The figures by the other 
method, in each case, are given in the column of remarks. 

“ The figures of Riche and Calvert and Johnson are scarcely suffi¬ 
cient in number to show definitely the law regarding specific gravity 
to composition, and the curves from their figures vary considerably. 

“ The figures of the author being much more numerous than 
those of earlier experimenters, a much more regular curve is 
obtained, especially in that part of the series which includes the 
yellow or useful metals. The irregularity in that part of the 
curve which includes the bluish-grey metals is, no doubt, due to 
blowholes, as the specific gravities were in all cases determined 
from pieces of considerable size. If they were determined from 
powder, it is probable that a more regular set of observations 
coaid be obtained, and that these would show a higher figure than 
7T43, obtained from cast zinc. Matthiessen’s figure for pure zinc 
(7T48) agrees very closely with that obtained by the author for 
the oast zinc, which contained about 1 per cent, of lead. 

" The figures for hardness given by Calvert and Johnson were 
obtained by means of an indenting tool. The figures are on a 
scale in which the figure for cast iron is taken as 1000. The 
alloys opposite which the word ‘ broke ’ appears were much harder 
than cast iron; and the indenting tool broke them, instead of 
making an indentation. The figures of alloys containing 17 06, _ 
20'44, 25'52, and 33 94 per cent, of zibo have nearly the same 
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figures for hardness, 
varying only from 
427’08 to 472-92. This 
corresponds with what 
has been stated in re¬ 
gard to the similarity 
in strength, colour, and 
other properties of alloys 
between these composi¬ 
tions.” 

Since the publication 
of this table much 
has boon added to our 
knowledge of the 
brasses by the work of 
Chilrpy, Uoberts-Austen, 
Behrens, Le Chatelier, 
and many others. The 
melting - points of the 
copper-zinc alloys have 
been deterjidued by 
Charpy and Koberts- 
Austen, and their work 
has been confirmed and 
amplified more recently 
by Shepherd, Tafel, and 
-Oarpentor and Edwards, 
fipm whoso results the 
adjoining diagram (fig. 
54) has been drawn. 
This equilibrium dia¬ 
gram expresses all that 
is at present known of 
the constitution of the 
copper-zinc alloys. For 
the sake of comparison 
curves representing the 
diechanical properties of 
the copper - zinc alloys 
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are plotted in fig. 65, 
which should be read ^ 
along with fig. 64. f g 
Most writers have ‘*- 
concluded that copper 
and zinc form a definite 
compound correspond¬ 
ing to the formula 
CuZnj, and, possibly, 
other compounds corre¬ 
sponding to CuZn and 
CuZn^. Shepherd, on 
the other hand, argues 
that copper and zinc 
form six solid solutions, 
but do not form any 
dofiiiitecompound. This 
opinion is difficult to 
reconcile with the very 
strong evidence which 
has been brought for¬ 
ward in support of the 
view that a compound 
CuZn 2 exists. Briefly, 
the experimoutal evi¬ 
dence in support of the 
existence of a compound 
is as follows;—(1) These 
is a rapid diminution 
in the strength of the 
alloys as the composi¬ 
tion CuZn, is reached. 

(2) The alteration in the 
electromotive force of 
the alloys, as shown by 
Laurie in 1888, and later S 
by Herschkowitsch, 
points to the existence 
of a compound. (3) The 



Fig. 55.—Mechanical Properties of Copper-zinc Alloys. 
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electrical resistance of the alloys shows a sudden variation at 
the same point, as also do the curves of temperature coefficient 
and thermo-electric power; and, finally (4), both Baker and 
Herschkowitsoh have shown that the heat of formation of the 
alloys reaches a maximum at the point corresponding to the 
composition CuZuj. This maximum amounts, in Baker’s experi¬ 
ments, to 62’6 calories per gram of the alloy, and his results also 
show a second rise at a point corresponding to the formula CuZn. 

It is true that the microscopical examination of the alloys 
shows a continuous series of apparently solid solutions, but it 
must be remembered that Charpy has shown that compounds and 
solid solutions may be mutually soluble in one another, and this 
would be quite sufficient to account for any lack of discontinuity 
in the microstructure of the series. 

A glance at the freezing-point curve of the series will show that 
the constitution of the alloys rich in zinc is very complex, but 
these alloys are of little industrial importance, and the constitution 
of the alloys rich in copper—that is to say, the brasses—is com¬ 
paratively simple. With a few exceptions the alloys of industrial 
value may be said to lie within the limits of 55 and 70 per 
cent, of copper. The alloys containing more than 64 per cent, of 
copper consist of a single homogeneous solid solution, while those 
containing from 65 to 64 per cent, of copper are coiliposod of 
two constituents, each of which is a solid solution. Photograph 
12 shows the appearance of a brass containing 70 per cent, of 
copper, and photograph 13 is a typical yellow brass or Muntz 
metal. The alloys with the simple structure can be rolled cold 
(although in practice they are more often rolled hot), while those 
containing two constituents are rolled hot. Of course there is no 
sharply defined limit between the alloys which can be rolled hot 
and those capable of being rolled cold, but they can be classified 
in a general way according to their structure. 

The earlj- or calamine method of making brhss, which has 
been referred to, consisted in heating a mixture of zinc oxide, 
charcoal or coal dust, and granulated copper in crucibles. The 
zinc oxide was reduced by the charcoal and the liberated metal 
then alloyed with the copper, forming brass. This process has, 
however, long been abandoned in favour of a direct method, and 
is now only of historical interest. At the present time braes is 
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luAdo by the direct fusion of the metals, the copper being molted 
first under a layer of charcoal to prevent oxidation and the zinc 
added to the molten metal at as low a temperature as possible. 
''The alloy is then stirred and,* if necessary, allowed to cool some¬ 
what before pouring. The melting is nearly always carried out 
in crucibles, usually of plumbago, heated in furnaces, which may 
be either coke-, oil-, or gas-fired. Where large ingots of yellow 
brass or Muntz metal are required, the alloy is sobietimes made 
in reverberatory furnaces, capable of melting several tons of 
metal; but the loss of zinc in reverberatory melting is very high, 
and the method is not employed for high-grade brasses. 

The pouring or casting of the melted alloy is a very important 
operation, as the quality of the brass depends largely on the 
temperature at which it is carried out. If the temperature is too 
high it will be full of blowholes and will probably crack in rolling. 
Such defective metal is sometimes described as “spiiey.” If, on 
the other hand, the metal is poured at too low a temperature it 
. tends to solidify as it touches the mould, with the result that 
there is imperfect cohesion of the metal, or, as the inciter describes 
it, it is “.spilly.” This term is also applied to imperfect castings 
due to the presence of charcoal or dross. The moulds into which 
the metal is poured are previously heated and the insides coated 
with oil or»mixture8 of charcoal and oil or resin and oil. 

The industrial brasses may bo conveniently divided into throe 
classes, viz. — 

1. Cast brass. 

2. Low brass for hot rolling. 

3. High brass for colij rolling. 

- Cast brass is very variable in composition, but, with the 
.exception of a few alloys rich in copper used in tlie manufacture 
of cheap jewellery, etc., the usual composition of cast brass is in 
the neighbourhood of 66 per cent, of copper an4 34 per cent, of 
zinc, which is known as English standard brass. It soasts well, 
and is capable of being rolled and hammered and oven drawn 
■ into wire. In most oases, however, cast brass is not required to 
ijndergo much mechanical treatment, and it is consequently very 
.-impure. Large quantities of scrap are employed in its manu- 
ifacture, and it usually* contains relatively large amounts of- 
'jhupurities, such as tin, iron, and lead. These are of little 
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quence, and, in fact, if the metal is to be iiiachiiied or hied the 
presence of lead, as will he seen later, is a distinct advantage 
in facilitating these operations. Further, tlie presence of tin 
and lead together gives rise to very fluid alloys invaluable tor 
fine castings, and having a colour somewhat rcsombling bronze.. 

Low brasses, suitable for hot rolling, contain from 65 to 
63 per cent, of copper. They are cast in largo ingots, which 
are reheated and passed through the breaking down rolls, 
followed by a second reheating before passing through the finishing 
rolls. Hot rolling is therefore rapidly carried out, and only 
requires a single reheating from beginning to end of the rolling. 

The commonest of the yellow brasses is that known as Muntz 
metal. In 1832 George Frederick Muntz took out a patent' for 
the use of an alloy containing 60 per cent, of copper and 40 per 
cent, of zinc as a sheathing metal for ships, and he claimed that 
in these proportions, “ wliilst the copper was to a considerable ex¬ 
tent preserved, there was a sufficient oxidation to keep the bottom 
of a ship clean.” In 1846 Muntz took out another patent for a 
cheaper alloy containing 3J per cent, of lead and 66 per cent, of 
copper, which was claimed to be equally satisfactory for the purpose. 
Although these alloys are no longer required for the particular 
purpose for which the patents were issued, the alloy containing 
60 per cent, copper and 40 per cent zinc is largely used for other 
purposes, and is still known under the name of Muntz metal. 

As already mentioned, Muntz metal contains two constituents 
—a soft constituent a and a harder constituent ji. In the 
oast state the alloy possesses a coarse structure, the two con¬ 
stituents separating in large masses, but the effect of hot rolling 
is to retard the growth of these masses with the production of 
a stronger metal possessing a finer structure. If the work 
takes place at temperatures below 600' the alloy is no longer 
capable of any molecular re-arrangement, and the only efl'ect 
is to distort the grains or crystals already formed. A temperature 
of 600' is therefore regarded by Bengough and Hudson as the 
limiting temperature dividing “hot” and “cold” work for this 
particular alloy. The effect of oold work is removed by annealing 
at about 800’, or by prolonged annealing at lower temperatures. 

Muntz metal is hardened by quenching, and the explanation of 
* Pat, No. 6826. 
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this is readily seen from its structure. With increasing temperu- 
tufo the a constituent is dissolved by the lianler ji constituent 
until, at 720°, the alloy containing 60 per cent, of copper con¬ 
sists entirely of the ji constitlicnt. If, now, the alloy is quenched 
from this temperature the separation of the a constituent is 
hindered, and the alloy will be found to be stronger, but less 
ductile than before. 

High brasses, suitable for cold rolling, ifsually contain 
more than 60 per cent, of copper, and the best class of brass 
for tubes and wire drawing contains 70 per cent, of copper and 
30 per cent, of zinc. From the results of mechanical tests it will 
be seen that this alloy possesses the maximum elongation of the 
series combined with a considerable degree of strength. 

Brass intended for rolling or drawing is cast in moulds of such 
shape that the work required on the alloy shall be reduced as far 
as possible. For plate or wire the moidds, which are made of 
iron, are from | to ^ of an inch thick, 31 to 12 ins, wide, and 18 
to 28 ins. long. They are made in two pieces held together by 
the simple device of a ring and wedge. For wire drawing the 
plates cast in these moulds are rolled to a certain oxtcnt^aiid then 
cut into strips, which are rolled into rods and finally drawn into 
wire. In any case, the mechanical treatment of brass in the cold 
must be iftterrupted by frequent annealing, or the results will be 
disastrous. Moreover, after each annealing-the brass has to be 
cleaned in acid to remove the surface deposit of oxide. As an 
instance of this. Sir William Anderson states that in the pro¬ 
duction of a brass cartridge case, measuring 16 ins. in length and 
tapering from 7 ins. diameter at the breech end to 6| ins. at the 
mujzlo end, made from a disc of brass 12| ins. in diameter by j ins. 
in thickness and weighing 28| lbs., no less tlnan eight annealings 
and cleanings in acid are necessary during the stages of drawing. 
If an attempt is made to lessen tho numbctt of annealings the 
alloy in the finished product is in a state of molecular strain, 
and the effort of the motal to return to its natural state of 
equilibrium results, in the course of time, in the fracture of the 
metal. Instances of cartridge cases cracking in'this manner 
while in the arsenal stores caused considerable trouble until 
the cause was discovelcd. This cracking, which may not take 
place until many months after the manufacture of the article. 
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in known aa “seaHon” cracking, and is very li.able to occur in 
drawn tubes if the pinch has been too great and tlio annealing 
insufficient. In an actual case under observation a •♦nbe was 
noticed, throe months after the dhte of manufacture, to be 
slightly elliptical in section. After six months the effect was ex¬ 
aggerated, and not until one year had elapsed did the tube actually 
crack. The cracks always occur longitudinally, and the average 
time of appearance is from six to twelve months after manufacture. 
Season cracking is also liable to occur in spun brass. 

The annealing of brass is carried out in reverberatory furnaces, 
which may bo heated by solid or gaseous fuel; but in either case 
the object aimed at in the construction and working of the furnace 
is to maintain a reducing atmosphere so as to cause a minimum 
of oxidation. The temperature of annealing is of great import¬ 
ance, and much light has been thrown on the subject by the work 
of Charpy. He experimented on brasses of varying composition, 
which were hammered and rolled until a maximum hardness 
was reached. Mechanical tests were made on these brasses in 
their hardened condition, and also after annealing at gradually, 
incre<asing temperatures. The results show that up to a certain 
temperature annealing is without effect. Above this temperature 
(which is not absolutely fixed, but depends on the amount of 
hardening the alloy has undergone)- the effect of anilcaling in¬ 
creases with the increase in temperature until a maximum is 
reached. Above this point there is a range of temperature at, 
which the properties of the brass remain unaltered, but beyond 
the upper limit of this range the alloy rapidly deteriorates and is 
said to be burnt. The figures obtained from the annealing of a 
brass containing 70 per cent, of copper and 30 per cent, of ,jinc 
may be taken as an example (see p. 181). 

It will be seen that annealing below 280" has practically no 
effect. At 420°, tiowever, there is a very marked softening of 
the alloy, afld the maximum effect of annealing is reached at 600°. 
According to Charpy the alloy made from pure copper and zinc 
can be annealed at a temperature of 900° without being burnt, 
but the same brass containing 0-16 per cent, of tin and 0'2 per 
cent, of lead is burnt at about 800°. The mechanical properties 
of the series of alloys in a completely annealed condition con¬ 
taining from 0 to 60 pet cent, of zinc have been determined, and 
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the results of the tensile tests and elon^xations are plotted in the 
curves in fig. 55. Tests on the compressive strength of tlie alloys 
showed that this property varies inveisely as the elongation, and 
the results of shock tests slmwed that with alloys containing less 
than 43 per cent, of zinc the fragility was negligible, but beyond 
this limit llie alloys rapidly became brittle, and tho.se containing 
more than 50 per cent, of zinc broke with the slightest shock. 
From these results Charpy concludes tliat as far as the mechanical 
properties of the brasses are concerned the alloys shouhl not 
contain more than 45 per cent, of zinc, and tli.it im useful purpo.se 
is served by having less than 30 per cent, of zine. 


Annealing IVnipciaturo. 

Teiisilr SLieiigtii 
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780 

IS 2 
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The irifiuerice of prolonged annealing on brasses containing 
more than 65 per cent, of copper is of considerable interest. The 
structure of these alloys in the cast state consists of crystallites 
reseanbling those of bronze, but if the metal is annealed at about 
600* the structure gradually changes, the crystallites disappearing 
and giving place to a well-defined crystalline structure resembling 
that of a pure metal. With prolonged anneafing these crystals 
increase in size ; and if a sample of commercial rolledTirass, whose 
structure consists of small crystals, is annealed, the crystals will 
attain a considerable size; but in this case the result of the 
mechanical treatment winch the metal has Undergone is made 
evident by the appearance ol “ twin ” crystals. The large crystals 
• are composed of a homogeneous solid solution, and are themselves 
structureless. 
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Brass is capable of withstanding very drastic treatment, and 
in addition to rolling, drawing, stamping, and spinning, i{ is 
capable of being extruded or forced through dies at tempera¬ 
tures somewhat below the molting‘-point of the alloy. Great 
advances have been made within the last few years in the 
extrusion of brass, and complicated sections which it would be 
impossible to roll are now regularly manufactured by this 
process. 

Up to the present we have regarded brass as a simple alloy of 
copper and zinc; but commercial brass invariably contains other 
metals, and, although they are only present in small quantities, 
their presence has an important influence upon the quality of the 
brass. It is therefore necessary to consider them in some 
• detail. Some of these metals are added intentionally in order to 
confer certain properties upon the alloy, and others occur as 
impurities. Those added intentionally are lead, tin, and iron, 
while lead, arsenic, antimony, and more rarely bismuth, are 
introduced unintentionally. 

Lead .—Brass is never entirely free from load, as the zinc 
employed in its production invariably contains a small percentage 
of lead. High-grade brass, however, should never contain more 
than O’lO per cent, of lead or its ductility will be impaired. In 
the case of brasses which are to be turned or machined lead is 
added intentionally, and the object of the addition is readily 
apparent when the structure of the brass is considered. Lead 
does not alloy with brass, but sepafates out in the form of 
globules and films between the crystals of the brass, a condition 
, which necessarily weakens the metal, and is only permissible 
where strength is of secondary importance. The presence of 
2| or 3 per cent, of lead cannot be detected in a polished surface 
without the aid of a microscope; but if the brass is broken the 
fracture is of a distinct grey colour, owing to the fact that the 
line of fracture passes through the lead. Now, it is well known 
that a puro brass is difficult to turn owing to the nature of the 
turnings, which are long and tenacious, and tend to obstruct the 
mechanism of automatic machines. A slow speed has to be 
employed, and frequently a burr is produced which is difficult fo 
remove. Brass containing lead, however, behaves very differently 
Owing to the fact that the lead is in a free state, the alloy is less 
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tenacious, and the turnings break oft' through the lines of 
weakness caused by the lead, so that chips are produced instead 
of long spiral turnings. Moreover the lead appears to act as 
a lubricant, with the resuE that a much higiuT speed can be 
employed, and a better finisli given to the woik. 

The beneficial effect of lead in brasses intended for turning was 
known- long before the nature of its influence was understood. 
Percy states that it is usual to introduce a small quantity of 
lead (about 2 pet cent.) into brass in order that the chips may 
leave the tool easily. Ho mentions that the lead should be 
added after the crucible has been withdrawn from the tiro; but 
the usual method is to add the lead after the zinc, and while the 
crucible is still in the fire, yet at as low a temperature as possible. 
In any case, the alloy is thoroughly stirred immediately before 
pouring. 

The alloy is rolled cold, on account of its liability to crack if 
rolied hot, and the amount of lead which can be added, without 
seriously affecting it as regards its capability of being rolled, is 
about 2 per cent. The best alloy, and that which is most 
commonly used, contains about 60 per cent, of copper, 38 per cent, 
of zinc, and 2 per cent, of lead. Throe samples of hard drawn 
screw-rods quoted by Sperry gave the following mechanical tests;— 



I. 

If. 

in. 

Tensile strength per eq. in. 
Elongaliuii on 8 ins. 

Reduction of area . , 

64,500 IbB. 
10 per cent 
68 „ 

62,400 lbs. 
13 per cent 
63 „ 

54,000 lbs. 

26 per cent 
63 


Tin should not be present, as it imparts hardness and strength 
to the alloy, properties which are not aimed at in a brass intended 
for turning. i . 

Tin .—This metal is often added to brass, and the alloy Is 
known as “naval” brass. A small percentage of tin renders 
brass, and more especially low brasses of the Muntz metal type, 
less liable to corrosion by sea water when in contact with gun- 
metal. It Is for this rdason that brasses containing tin are 
employed in naval construction. Naval brass contains appAoii- 
mately 62 per cent, of copper, 37 per cent, of zinc, and 1 per centj 
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pf tin, while a softer alloy, suitable for tubes, etc., which has 
given good service, contains 78 per cent, of copper, 21 per cent, 
of zinc, and 1 per cent, of tin. 

The addition of 1 per cent, of tin to brass gives an increase in 
the hardness of the alloy, but does not seriously affect its 
mechanical properties. Beyond this limit, however, there is a 
rapid increase m brittleness and hardness; and with more than 
2' per cent, the alloys lose their useful properties. 

Arsenic and Antimony .—Commercial copper usually contains 
these metals as impurities. Their presence has an important in¬ 
fluence on the quality of the brass produced. Antimony appears 
to be more injurious than arsenic, and, even in small qviantities, 
is capable of rendering brass unfit for rolling on account of 
cracking. 

Sperry found that as little as 0'02 per cent, of antimony in an 
alloy of 60 per cent, copper and 40 per cent, zinc gave rise to 
incipient cracks during the necessary annealing and rolling. 

Bismuth also occurs, though more rarely, in some qualities of 
commercial copper, and hence finds its way into brass. Its effect 
is very similar to that of antimony, but, according to Sperry, it 
is less injurious. For example, he found that brass composed of 
60 per cent, copper and 40 per cent, zinc containing 0'02 per 
cent, of bismuth rolled almost as well as pure lirass and 'was free 
from cracks. Sperry, therefore, gives this figure as the dividing 
line between good and bad brasses of this composition ; but he 
states that high brasses intended for cold rolling should not con- 
- tain more than O'Ol per cent, of bismuth. 

It is not difficult to understand the nature, of the behaviour of 
these impurities. Neither antimony nor bismuth is apprcciah'y 
soluble in copper or in copper-zinc alloys. The result is that when 
the brass cools down and solidifies, the antimony and bismuth 
(either in the free stjite or containing small quantities of copper), 
having much lower melting-points than the brass, remain liquid, 
and finally solidify between the crystals of the brass. Conse¬ 
quently, each grain or crystal of the brass is separated from its 
neighbour by a thin, brittle film, and when the brass is rolled these 
separating layers are incapable of withstanding the strain, and the 
alloy cracks. Arsenic, on the other hand, il distinctly soluble in 
‘copper, and is therefore less harmful. In fact, it has a hardening 
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effect upon the copper, and its prefsonco la aonn'linics actuidly 
b#iiieficial, provided the limit of solubility is not excooded. As a 
rule 0‘5 per cent, is considered the maximum. 

Iron has been added to br;5>s from early tunes, Imt it is probable 
that its presence m old brasses was iieeidcntal At the pn'.sent 
time, however, iron is dclilieratoly added to brass in or<ler to 
producp a stronger and harder alloy than ordinary br.a.ss An 
alloy containing close on 3 per cent, of inm was su^j^i'sted by 
Keir in 1779, and later the alloys known as sterro metal and 
Aicli’s metaP were introduced. 

Sterro metal contains GO per cent of copper, per rent of 
zinc, and 1‘5 to 2 percent, of iron, and Aich’.s metal is piacLically 
the same, although varioU'. analyses show that the p'-n enLago of 
iron varies within wide limits. 

One of the few reliable tests of these alloys is gi\eii by Baioii 
Kosthorn, wlio tested a snmjile of scerro metal cont.numg nrcOl 
per cent, of copper, 42'3G per ecut. of zinc, 0'S3 per eent of tin, 
and 1‘77 per cent, of iron, with the follouine; results:— 



Condition. 

Tenacity in Ib.s. per 

sq. 111. 

Cast 

' 

60,480 


•Purg 

ed ! 

76,160 


Cold 

drawn. 

s6,120 



The very variable percentages of iron found in these alloys war 
probably due to the imperfect methods of manufacture, the iron 
being added in the form of a cupper-iron alloy which was in ail 
projiability not properly alloyed, hi 1883, however, Alexamler 
Dick took out a patent^ for the manufacture of iron brass which 
he called Delta metal, and since that time these alloys have been 
largely used. • 

The essential features of Dick’s patent were— • 

(1) The introduction of the iron in the form of an al]f>y of iron 
and zinc, which could be obtained of reliable compositmn, and 
(2) the addition of a small percentage of phosphorus, which has 
the effect of preventing oxidation. 

• In addition to iron and pliosphorus, however, commercial Delta 
' Patented I860, No 278. No. 2484. 
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metals frequently contain mangane.se, aluminium, tin, and some¬ 
times lead, which accounts for the different compositions as shoWn 
by various published analyses of these alloys. 

The average composition is approximately copper 65 per cent., 
zinc 42 per cent., with 1 to 2 per cent, of iron and small quantities 
of manganese, aluminium, etc. 

Delta metal is stronger, harder, and tougher than brass. It is 
easily cast, and is capable of being rolled hot and drawn cold. In 
addition, it has a much greater power of resisting corrosion than 
ordinary brass, which enables it to be used for many purposes 
where brass is inadmissible. 

The table on p. 149 gives some results of tests made at Lloyd’s 
on samples of Delta metal. 

Delta metal was employed for the manufacture of the W(^m 
wheels in the first locomotives used on the Pilatus mountain 
railway and gave very satisfactory results, as reported in the 
Schweizerimlm Oewerbeblitt of 8th June 1889. The castings, 
which were tested by Prof. Tetmayer, showed a tensile strength 
of 21J to 23J tons per sq. in., with an elongation of 30 to 40 per 
cent, on a length of 7 J ins. 

An iron brass under the name of Durana metal is manufactured 
in Germany. It appears to closely resemble Delta metal in its 
properties, and is made in several qualities. Tests mi a number 
of samples of this alloy gave results varying between 23 and 4^ 
tons per sq. in. ultimate stress and 7J to 38 tons elastic limit, 
with elongations of 60 and 4J per cent, respectively on a length 
of four inches. 

The constitution of the iron brasses has not been sufficiently 
investigated, but when present in small amounts the iron enters 
into the alloy in the form of a solid solution and does not form 
definite chemical compounds. When more than about 2 per cent, 
of iron is present sf compound of iron and zinc is formed. 

The majority of the commercial brasses are considerably com¬ 
plicated owing to the presence of manganese and aluminium in 
addition to the iron, and there is an increasing tendency at the 
present time to use brasses of a complex nature in preference to 
those containing, in addition to the copper and zinc, a single 
metal such as iron, manganese, or aluminium. 


[Table. 
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COPPER ALLOYS SPECIAL BRONZES AND BRASSES 
Phosphor-bionze. 

The addition of pliosplionis to broii/.o lias usually boon aiinbuti-d 
to Dr Kuiizcl of Dresdon, but it appears tliat Do Kuol/, au<l Dc 
Fontonay had carried out expeiiiiieiils on the intioduction of 
phosphorus into bronze as early as 1853. 

Phosphorus unites both with copper and tin, toinnng tlni alloys 
known as phosphor cojyper and pho^}ikor-tin (see Cha{) X ), which 
are used as tlie means of introducing the'phosphorus into bronze. 

The action of phosphorus on copper or bronze is a doubh* one. 
In the tiririi plaee, as is well known, phosphorus has a powerful 
attinity for oxygen, and when it is added in the form of phosphor 
Copper on phosphor-tm to the molten metal, its first actum is to 
reduce any oxides which may lie present The oxide of pii()s[)lioru8 
thus formed has an acid character and combines with a further 
quantity of metallic oxides forming phosphates, which pass into 
the slag. 

fhe broiiae, which is now tree from tlje dissolved oxides which 
canse so much trouble, is more Hiiid, gives castings free from 
pinholes, and is superior in every way Ui orilirijry bronze. 

If the quantity of pliosplionis has been accurntely judged, 
none of it will pass into the bron/.e; and tins accounts for the 
fact that many excellent bronzes sold as phosjibor-broiizes have' 
failed to jjhow the presence of jiliosphoriis when siibinitted to 
chemical analysis. Their superiority over bronzes produced 
without the addition ofiihosphonis is entirely due to the removal 
of dissolved oxides. 
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The value of phosphonia aa a deoxidisor is now fully appreciated, 
with the result that its importance as a constituent of bronze-has 
been considerably underrated and misunderstood. It has frequently 
been stated that the only use of phosphorus is as a deoxidiser, 
and that when the quantity present is in excess of that necessary 
to destroy the oxides in the alloy the bronze is inferior in quality. 
This statement requires considerable modification, as in many 
cases an excess of phosphorus is purposely added, and is found 
to confer valuable properties upon the alloy. The mistake, 
however, has probably arisen from the fact that the bronzes 
containing phosphorus have very different properties to those of 
ordinary bronze, and are very frequently not adapted to the same 
purposes. 

The term phosphor-bronze is applied to many alloys, and to 
avoid confusion these may be grouped into three classes ;— 

1. Bronzes of ordinary composition, in which phosphorus has 
been employed solely as a deoxidiser, not more than a trace being 
present in the bronze. 

2. Bronzes containing less thaii 9 per cent, of tin and only 
traces of phorphorus. These are frequently put on the market 
as “ Rolled or Malleable Phosphor-Bronze.” 

3. Bronzes containing more than 9 per cent, of tin and an 
excess of phosphorus (usually from 0'2 to 2 0 per cent?), and sold 
as “Cast Phosphor-Bronze.” Among this group may be placed 
the bronzes containing phosphorus and lead used as bearing 
metals. 

The bronzes in Class 1 call for no special remark, as they are 
merely ordinary bronzes free from oxides., Those of Class 2 can 
be employed for all purposes for which copper and soft bronzes 
are used, such as boiler tubes, condenser tubes, pump rods, piston 
rods, boiler stays, firebox stays, bolts, nuts, etc. When cold 
rolled these bronzfs show a breaking strain as high as 30 tons 
per sq. in. or even more, with an elastic limit of about 26 tons 
per sq. in.; while the same bronzes, after annealing, give a 
breaking strain of 20 tons per sq. in. and an elastic limit of 
about 7 tons per sq. in. 

Rolled phosphor-bronze is also used for making boiling vats, - 
tanks, stills, and parts of machinery forking in liquids, on 
account of its superior resistance to corrosion. 
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At firat sight it appears strange that these bronzes should resist 
corrosion better than ordinary bronzes, considering that tlioy are of 
exactly the samo composition ; but the resistance to con osion is duo 
to the absence of oxide in tli^ metal; tor it must bo remembered 
that such impurities have a very decided inllucnce on tho rate 
of corrosion. This subject will be considered at greater length 
in another chapter. 

Rolled phosphor-bronze does not suffer any.serious loss of 
strength at temperatures up to 300“ C., and it is frequently 
recommended for firebox plates and stays. 

The following table gives some results of tests made upon two 
well-known brands of rolled phosphor-bronze ;— 


Sample. 

Condition. 

Bicakuig Sticss. 
Tons per sq. in. 

Elastic Tnmit. 
Tons per sq. in. 

Elongation 
jior cent, 
on 2 ins. 


Unaimealed sheet 

28-3 

25-0 

18-6 

2 

i» .> 

33-8 

31-5 

17-0 

3 

M l> 

Annealed sheet 

31 9 

817 

17 5 

4 

20-3 

7-8 

57 0 

6 

Sheathing plate 

3()T 


187 

6 

Bolt 

28-8 

27-5 

2h-6 

7 

Loco, fii'obox plate 
annealed 

20 0 


64-06 


Samples 1 to 4 are by the Phosphor-Bronze Company, and 
'samples 5 to 7 are “ Melloid," by Bull’s Metal and Melloid 
Company. 

Much depends, of course, on the extent of tho rolling; but by. 
way of comparison it,may bo taken that the breaking stress of 
copper varies from 13 tons per sq. in. in tho annealed condition 
to about 18 tons per sq. in. when rolled. 

As regards the tensile strength of rolled phosphor-bronze at 
elevated temperatures, experiments carried put on a “Melloid” 
bolt showed that the breaking stress fell from 28'82 tons per sq. 
in. at the normal temperature to 25'61 tons per sq. in. at 315°. 
On an annealed bolt of the same material the breaking stress fell 
from 19'22 tons per sq. in. at the normal temperature to 18'80 
tons per sq. in. at 214”; while a similar bar of copper, tested 
under tho same condiflons, fell from 13-84 to 10-25 tons per sq. in. 

From what has been said of the constitution of the copper-tin 
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alloys it will be soen that the rolled phosphor bron/es uhich have 
been placed in (dass 2 are solid solutions, and exhibit a simple 
crystalline structure under the microscope. 

The phos[)hurd7roti/e.H of Class „3 dill’er conshlerably from 
those of (JIass 2 and also from those of Class 1. Their con¬ 
stitution IS somewhat complex, but of considerable interest. 
.M. Cuilhmim pointeil out in a communication to the Commission 
des Mrthodcs d j'lssai in 1894 that under the microscope phosphor- 
hroii/.cs exhibit a structure resembling a fern leaf or hr branch, 
and that tins structure is not easily confounded with an ordinary 
hroii/e. It IS <l()iibtful, however, whether this can be regarded as 
the invariable structure of phosphor-broii/es, as sometimes the 
structure of ordinary bronze resembles it very closely, (biillel 
stales that the phosphorus appears to enter into the a solution 
{i.e the solution of tin in copper containing less than 9 per cent, 
of tin). If the alloys are examine<l under a high magnification it 
will he s(!cn that this is not the case, but the reason of tlie 
mistake will also be apparent It has already been sliown that 
in lironzos containing more than 9 per celU of tin a constituent 
3 (SnCu^) separates out on cooling, and that this constitutent is of 
a pale bluish white colour. Now, if an access of phosphorus is 
present in sucli an alloy it separates out on cooling in the form of 
phospliido of copper, which has very nearly the samecolwir as the 
SnCn^ constituent, hut slightly darker m shade. Moreover, these 
constituents occur side by side (in fact, they form a eutectoid)/ 
and unle.ss seen under a high magnification they appear as one 
constituent. On account of the similarity in colour it is extremely 
difficult to obtain a phot<^graph, but by using a suitable screen it 
is possible. Photographs 14 and 15 show the forndike structure 
referred to by (Liillemin, and photograph 16 shows the combina¬ 
tion of SnCu, and phosphide existing partly as eutectoid. This 
triple eutectoid of the series contains 81‘0 per cent, copper, 14'2 
per cent tin, and 4‘8 per cent, .phosphorus, with a melting- 
point of 620*. The eutectoid of the two compounds is shown in 
pliotograpli 18. 

By moans of heat-tinting, the different constituents can be readily 
distinguished ; the phosphide colouring a beautiful blue, while the 
SnCu^ is coloured yellow (photograph 17, akd frontispiecob 

The presence of free phosphide of copper in these bronzes 
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accounts for their properties, ililTering as they do from ordinary 
bronze, and is snihcient to explain Mieir great value for certain 
purposes. If, for example, a phosphor-bronze is subjected to 
friction, it is obvious that the softer part of the alloy will be worn 
down, leaving the hard phosphide in relief. The alloy thus 
consists of intensely hard pailicles imbedded in a softer matrix, 
so that not only is the wearing surface largely decreased and the 
friction consequontly reduced, but the rate of woaf is practically 
the rate of wear of the hard body, phosphide of copper. Phosphor- 
bronze is therefore peculiarly adapted for the marmfneture of 
the wearing parts of machinery, such as bearings and bushes, 
worms and worm wheels, slide faces, piston rings, etc., and has 
a much longer life than ordinary bronze. Moreover, as the hard 
particles of phosphide are set in a m.atrix or cement of a compara¬ 
tively plastic material, the alloys are not as brittle as might be 
expected, but are capable of withstanding considerable shocks, 
and will sutler distortion without breaking. 

The main feature, then, of pbosplmr-broiizo is its remarkable 
hardness and resistance to wear, and it would appear that for 
parte of machinery subject to wear there is no alh)y to surpass it. 
The ellect of the addition of pliosphorus to tlie copper-tin alloys 
is wortJiy of a little attention, (iiullet has made a number of 
teats on bronzes, the results of which are embodied in the 
following table:— 


Conij>nsiti(»a 

'IViisil^' Slroiif'tli 

Khi'tif I-iiiut 
'JVins I'or 
sq. III. 

Kli)i)gati'iii 
jii'i O'-nt. 
on -1 iiiH 

Copjipr 

Titi. 


l<ins [lur 84 . 111 . 


9-03 

0 

l.vi; 

5-9 

23 

90-S(> 

8,02 

Tl aCC 

lC -8 

7 2 

30 

89i8 

O-rO) 

0-47 

1 i 8 

f. 9 

S 

80-07 

9-78 

0-01 

n 9 

5'j 

4 

88-83 

9 18 

0 92 

110 

6-5 

► .1 5 

88-80 

9-32 

11? 

11-9 

• - 

5-6 

2 r» 


From these results it appears that the addition of phosphorus 
lowers the breaking stress {after a first increase due to the 
eliminatiun of oxides) an^ also the ela.stio limit and the elongation. 
After an addition of 0'47 per cent., however, the decrease-is more 

13 
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gradual It iriUHt ho uohid timt the allovs tostc.d by (hnllct contain 
very a]){)rociablo quantitica of /iin-, a nioLal winch whould not-bo 
present III llio host phosiihor-bronze. 

Pliosjihor bronzes conlaiinng lead are used for licanngs. They 
will be considered in the chapter dealing with antifriction metals, 
and it is ordy necessary to say here iliat tlie lead does nut alloy 
with the bronze, but sejiaratcs in tin' form of miTiute globule’s 
throughout thfe metal; while the phosphide of copper separates 
exactly as in the other hroir/.es Hence a surface of the alloy 
contains a number of iiard particles (phosphide) and also a 
number of soft particles (lead), thus fiillillmg, as will be seen 
later, the necessary conditions of a good btiaring ractal. 

The phosphor-bronzes most eommoiily employed contain (1) 
8 to 10 per cent, of tin and 0‘5 to 0‘7 per cent of phosphorus; 
(2) 10 to 12 per cent, of tin and 0'7 to 1 per cent, of phosphorus; 
(•3) 10 to 12 per cent, of tin and 1 to I’o per cent, of phosphunis. 

The first of those is suitable for vaUos, pinions, pumps, pro¬ 
pellers, steam and boiler riltmgs, etc. It is harder and wears 
better than gun-metal. The second alloy is considerably harder 
than the first, and is suitable for worms and worm wlioels, valves, 
pump.s, cylinders, motor geaiing, (do. Tlie third is an excep¬ 
tionally hard alloy without being brittle, and is capable of with¬ 
standing the hardest wear. It is suitable for worms'and worm 
gearing, slide valves, hearings, and nil cases in which tlie wear is 
excessive. For castings the Admiralty sjiecify an alloy conlammg 
copper 90‘0, tin 9'7, and phospliorus 0‘3 per cent This is 
requiiod to give an ultimate tensile streiigtli of 17 tons pm* sq. 
in.. With an elongation of 15 per cent, on G ms., ami to witii- 
stand bending over a 2-in bar until the two sides are [i.uallel 
without any sign of cracking. 

The following tabh', giving the results of a large number of 
mechanical tests on commercial phosphor-bronzes together with 
their cliemi ;al composition, is due to .Mr Arnold Piiilip, the 
Admiralty chemist. It represents the most complete series of 
tests yet published, and as it contfims a very huge amount of 
useful lufoimaliou in a small space it is reproduced here in full. 


[Tabi.k. 
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Most of these alloys inay be de.srribod as true phosphor-bronzes > 
but there are many others that contain, at the most, traces of 
phosphorus, and it is probable that at the present time very 
little bronze of any doKcription is niade without the addition of 
a small ipiaiitity of phosphorus as a deoxidiser. 

Manganese-bronze. 

As in the cas'-', of phosphor-bronze, tho term “ manganese-bronze” 
is applied to alloys of very variable composition. It may be 
stated at the outset, however, that in the great majority of cases 
the expression is somewhat misleading, as the alloys difter very 
slightly in composition from the ordinary brasses. It is only in 
rare cases that a copper-tin alloy eonlaining inanganoso is met 
with. These usually contain from 1 to 3 per cent, of manganese, 
which is often accompanied by 4 or 5 per cent, of zinc and some 
lead, (luillet cites two cases of alloys employed fur hydraulic 
maebinory at bigb pressures having the following composition;— 



1 

ii. 

Co]>per 

. 82-0 

83*5 

Tin . 

. 8*0 

8-0 

Ztno . 

. 6'0 

60 

Lead . 

. 3-0 

3-0 

Mungaiif'se . 

. 20 

0-6 


Although such alloys are seldom used they are n6t without 
interest, and a passing reference may bo made to the influence 
of manganese on the eopper-tin alloys Gnillet has submitted a 
series (tf alloys, containing manganese in varying amounts, to 
mechanical tests, with tho results shown in the table;— 


( 

Copper. 

Composition 

Tui. 

.MHiiganeso. 

Ten.'-ile 
Stroiigtii. 
Ti'ii.s per 
sq. ill. 

Elastic 
Limit 
Tons pel 
sq. in. 

Klongafion 
per cent, 
on 4 ins. 

90'93 

' 8-82 

0 

15-6 

5-9 

28 

90-12 

9-20 

Traces 

17-1 

5-7 

28 

87-64 

10-41 

1-07 

13*6 

0 4 

20 

89-88 

8-01 

0 69 

10-4 

6 2 

7-5 

85-87 

870 

3-10 

7-5 

7’6 

0 


From these results it would appear that the'hrst eflect of manganese 
(probably due to its influence as a deoxidiser, mucb in tho same way 
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as phosphorus) is to give a higher breaking stress and elongation. 
When present to the extent of more than traces, howo\er, the alloy 
rapidly becornos brittle, unless zinc is present at the same time. 

The addition of manganese* to copper alloys wa.s attiuaptod by 
Stirling, Parkes, and others; but their cHbrts mot with little 
success until, in 1876, Par.sons was granted a patent (No. 842) 
for the addition of manganese in the form of forro-mangancso to 
cop[)cr-tni or copper-zinc alloys These alloys wefe stronger than 
simple bronzes or brasses, but dilliculties wrro experienced in 
obtaining sound castings. Those were overcome by tlie addition 
of aluminium, and a second patent was granted in IHS8 (No. 
11512) to cover this improvement. It was then found that tlie 
addition of these metals to l>rass gave results so much sujionor 
to those with bronze that the copper-tin alloys wtu'u practically 
abandoned. The name, however, was never dropped, and, as 
already mentioned, the alloys to this day are invariahly described 
as manganese-bronzes. Many of the host modem manganese 
bronzes diller but little from Parsons early bronzes, as will hv. 
seen from the following analyses of two samples, one mado in 
1893 and the other in 1913:— 



Farsons Bron?;e. 

im. 

Modr^rn Bronze. 
1913 

Oopper .... 

56 48 

54-94 

Till .... 

\-\(> 

1-36 

lion .... 

I 

1-16 

Ahmuimim . 

0-20 

0-35 

Manganeao 

0-11 

0-47 

Zinc .... 

40-04 

41-66 


Putting aside the copper-tin alloys containing mangftnc.se, the 
alloys sold commercially as manganese-bronzes may l>e divided 
into two classes:— 

1. Alloys of copper and manganese containing about 4 to 6 
per cent, of manganese. 

2. Alloys of copper and zinc to which ferro manganese or cupro- 
manganese containing iron has been added. These alloys fre¬ 
quently contain aluminium and sometimes tin, but the princuial 
constituents are copper and zinc. 

The alloys belonging to the first class have a somewliat limited 
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application, tlicir principal feature hciii" their Htron^Mli at hlj;h 
temperaluros. For this reuMni they Ivivo l>cen vety largely 
adopted, more e.s[iccially on th(3 (’oiitiiHait, ha- firebox htays. 

The addition of manganese to copper does not materially harden 
the eojipor, hut raises the tensile strength. Tiio following 
figures are the results obtained by (luillct for small additions of 
manganese.— 


Oil. 

Mq. 

Ti-iivilii SLicii<;th. 

F.ljisha Limit. 

|i(!r 

Toiih jkt fa(j. m. 

T"iis gcr b'y in 

Cl lit. on 4 Uls. 

'Ml ''ft 


1 0 

6 3 

■If. 

ii;. !') 

•1 10 


7-3 

42 

ii;} .IS 

li'fxl 

17 4 

8-4 

33 C. 


'Hie comph^to series of copper manganese alloys has not re¬ 
ceived imieh atteiitioiu hut tlie alloys used commercially are 
solid solutions of manganese in copjier. Photugiaph shows 
a section of_a firebox stay containing ',)G per cent, of coiiper and 
■I per <-ent. of manganese With less than 9 per cent, of man- 
gmicve tho alloys can he rolled or drawn. 

The use of these alloys for lircliox stays wdl lu eonsidercd 
in the chaptiu’ dealing with tho behaviour of allots at high 
teinperaturcH 

Tii(^ alloy.s of the soeond class arc tlioso most commonly 
met with under tho naim* of maiiganose-brouzes, nlfhough they 
would bo more accurately described as manganese-brasses. From 
a, theoretical point of view they )iav(' ])ocvi little studied, but it 
is evident from tho niiml>or of con'tiiucnts present that i;heir 
constitution must lie of a C')mplo.x character. Many manganese- 
bronzes contain only traces of manganese, and some fail to show 
oven traces on aiuJysis. In these the manganese has probably 
servisd its pih'pose purely as a deoxidiscr, but it has loft behind it 
tho iron with which it vvaa associated, and th(j iulliicnce of this 
metal must bo considered, as it occurs in by no means inappre¬ 
ciable quantities in nearly all these alloys. Tho addition of 
manganese alone (that is to say, without tho simultaneous addition 
of iron) to the copper-zinc alloys has the ellect of increasing the 
tensile strength and the elastic limit with a decrease in the 
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elongation. Tlio alloys also Iteeoine hanl<‘r and more hrittio. 
As regards tiieir constitution tho nivin.i^aneso ontius into solution, 
with the result that tlie iiiiciostriicluie is the sanu' as tiiat of 
the copper /me alloys 'I’Ihs* [irob.ihl} accounts for tlit^ statement 
made by (iuillel th.it lh<' luiciosh ueturo of maiiU'>nese biasses 
IS the same as that of (stppej /me allo_)s, but the comimueial 
varielie.s of tlicse allovs nivanablv contain iron, iismilly in very 
much larger ipiantities than llm maitir.mese, and* their st nicture 
IS very dilFereiit from tliat ot llm oidiiiary IMiotottiaplis 

21 and 22 show tho strueluro of a. foiled mainranese hroii/e con 
taming 58‘fi por cent eftppei, .‘hs 1 pet cent 7,me, I (1 per eent. iron, 
and 0 02 per cent. man>raneae. MaMe;i,tiese l)ion/es eontaimug 
upwards of (10 per cent of copper ;iie Mutable for foiging an<l 
rolling, while thosi; containing les.s than 00 per lanit of copper 
are used for castings ; and lioth ot thc'so vanetu's are iti-ido in 
various qualities according to the ptir[) 0 'es for winch tln-y aio 
retpiired Mang;ine“s<:-bt(m/c^ suitable foe forging or rolling, 
such as those manufactured hy the Manganese Ih'on/e and 
!>rass Company, have an ultimate stnmeth ranging fuan 27 tons 
in the miM cpiality to dS (on.s m the high pu.iIiU’, the eliistic 
limit ranging fioin 10 to 20 tons, and (he elongation fiom 20 to 
15 per cent. If the metal is eohl-rollcd the ultimate strength 
can be oliPained as high as '10 to •'>() imis per hi], in. 

I'roiizes of this description are used for studs, bolts and nuts, 
pump-rods, pins, keys, etc., and, m fact, for practically all 
purposes for whicli yellow brass or Muntz metal arc used It 
can also bo drawn into tubes which can be easily bent, either 
hot or cold, and are ruueh stronger tliaii brass or cojiper tulios. 
Un, this account, together with its freedom from corroHion, it is 
largely used for hydraulic tubes under lieavy pressure. 

In the form of plates and slicets it is of value in cases whore 
a metal is required to withstand corrosion, sucii as strainer plates, 
sheathing for yachts, pump valves, etc. 

Cast manganese-bronze, like tlie rolled variety, is made in 
different qualities according to reipiiremenbs, and has an ultimate 
tensile strength of from 32 to 38 tons per sq. in., with an 
elastic limit varying from about 15 to 19 tons per sq. in., 
and an elongation of about 15 to 30 per cent, on 2 ins. 

It is exceedingly tough, and is used for parts of marine 
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engines, hydraulic rams, valves and cylinders, etc. Probably its 
most important application is in the manufacture of propellers 
and propeller blades. As compared with iron or steel propellers 
it has many advantages, It is lighter, and therefore the strains 
on the shafting, bearings, etc., arc consideralily reduced. Further, 
it is practically unaffected by sea water, so that the propeller 
blades retain their smooth surface. Tn the case of iron and steel 
the pitting due to the corrosion of the sea water causes a falling- 
off in the speed, and in time necessitates the renewal of the 
propeller. It has been stated that the substitution of a 
manganese-bronze propeller in place of an iron one increases the 
speed of a vessel by about half a knot for the same coal con¬ 
sumption. Moreover, the alloy is capable of being worke d cold, 
and ill several cases where tlie propeller blades have been injured 
by accidents they have been hammered into shape without any 
sign of breaking. 

A minor, but not altogether unimportant, consideration is the 
fact that a bronze propeller is always of value as a copper alloy. 
These advantages more than compensate for the extra initial coat 
of a rnanganese-hronzo propeller 

In the early days of manganese-bronze propellers erosion was a 
serious source of trouble, but it is claiimKi that the addition of 
about 2 per cent, of nickel to the alloy renders it imfliune from 
this trouble. .. ' 

The addition of aluminium to manganese-bronze gives rise to a 
series of alloys possessing very remarkable abd useful properties. 
Bronzes of this description were placed upon the market several 
years ago under the name of “Iimnadiuin” by the Manganese 
Bronze and Brass Company. They have an ultimate tensile 
strength of 38 tons per sq. in. in the case of forgings, and 42 tons 
per sq. in. in tlie case of rolled rods, with an elongation of from 20 
to 25 per cent., and are made of different qualities to suit require¬ 
ments. The* structure of these alloys is very similar to that of 
orilinary manganese-bronze, but of somewhat finer and closer 
grain, the aluminium appearing to enter the alloy in the form of a 
solid solution. Photographs 23, 24,25, and 26 show the structure 
of two samples of Immadium-bronzo. The alloys work perfectly 
and take a very fine polish. They may bo used for all purposes 
where strength and toughness are required, but their most valuable 
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property is the remarkable resistance to the action of corrosiTe 
liqlhds which they possess. On this account tliey liavo been 
largely used in the manufacture of rods, valves, ami other parts 
of pumps having to deal witbacid water. 

Aluminium-bronze. 

The terra “aluminium-l)ron/.o ” is applied to alloys of copper 
and aluminium coiilainiiig from 2 to 10 per cciit.’of aliiimniiiui. 
With more than 10 jxt cent, the alloys rapidly become brittle, 
and beyond 11 per cent, they are valueless from an industrial 
point of view. 

The first aluiiiiniuui-bronze was made by Ur I’orcy, and its 
properties studied by Dehray, but at that time aluminium was 
a rare and expensive metal, so that for many years the alloy, 
which was known as “ alnminiiini gold,” was regarded rather as a 
curiosity than a commercially useful alloy. Witli the introduction 
of electrical iiicthods of reducing aluminium, however, aluminium 
bronze became a practical alloy, and was jilaecd on the market 
by the Cowles Smelting Company, who manufactured alloys 
containing from 1} to 11 per cent, of aluminium, for which they 
claimed an ultimate tensile strength ranging from 9 tons per 
8(j. in. in the IJ per cent, alloy to .90 tons per sq. in. in the 
11 percent alloy. Since then the manufacture of aliimininm has 
'been much improved and the price lowertld, but it is still, 
sufficiently high to prevent the alloys being more extensively used. 

The properties of the copper-aluminium alloys have been 
studied by Gautier, Le Chatelier, and Guillet, and, more recently, 
by Carpenter and EdwArds, who have confirmed and extended the 
wotir of Guillet. The equilibrium diagram of the series is shown 
in fig. 66, but, as already mentioned, we are only concerned with 
a small portion of the curve, viz. that of the alloys containing less 
than 11 per cent, of aluminium, as the other alloys (with the ex¬ 
ception of a few represented by a small part of the Miirve at the 
other end, which will be considered later) are of no industrial 
importance. As regards the alloys lying between these two 
portions of the curve there is a definite compound corresponding 
to the formula CuAl^, which forms a simple series of alloys with 
aluminium, having a eutectic containing 67 per cent, of aluminium. 
There is little doubt that a compound corresponding to the 
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f«n,.,Ia C„,A1 o.isl, and, po.sildy, oorr..ponding to Cu.AI; 

I § I § § § §= I'l'fise coni|mnndsdo 

—r~'T- I K r- '”- T§ ‘■‘‘'•’y'* 

j ! I 1\ '' "’i til copper. They give 

I \- riso to a series of solid 

-- \ 1 solutions of a complex 

I 1 unstable cliaracter. 

' ^ ^^^^uiini uni-bronzes 

___ p S bo conveniently 

I iv § ‘divided info two groups, 

\ to »_ (I) those contain- 

\ ^ ing from 0 to 7-35 per 

I I \ - - - o g '’™t. of aluminium; 

I ,-’I (2) those coiitaiuiiig 

/ 'I to 10 percent. 

- I / o ^ ^ Up to 7 35 per cent, the 

/ j 2 '“I, '‘I'oys consist of a single 

I / ? j a ^ bomogenoous solid solii- 

I -4, ^ 'o tion and are extremely 

I I J - ? S ihictilo (photographs 28 

I J-^T-,S° to .31), whereas the 

! /I I • ? alloys containing more 

1 / I T - H than 7-36 per cent, cou- 

i /' I ^ 't"b-col-' 

/ ^ ^ “iistituent which 

r~yi~'r-1 /-I -'iccomp.iuied by an 

li ^ 

A Jr'^ Y - strength of the alloys 

, -/tr^- —J—L__ _ o '* 'tecrease in dfic- 

I ''1 tility. The curves in 

_ plotted from the results 

obtained by Carpenter 

A [ . g ■‘"'I Kdwards on sand 

/ I ^ 5 ca.stings, rolled bars, and 

o o Q Q ^—J;---Jog cold-drawn bars respec- 

t.vely; and are quite in 

11 1 accoi-dance with what 

^ Mould be e.xpocted from the microscopical appearance of the al^-s. 


5 ^ Q 

^ C> Q 

^ c:> <?j 
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Tli<^ bcloiii^in^^ to tlio first ^M-oop {t.e. tliosi; cuiit.lining 

Iws tliaii 7 -b”) por cent, of almiuniutn) are very stinilar U* lii^h 
grade brassc's containing 70 per cent, of copper, and (‘an lie em¬ 
ployed formally [)ui[K>.ses in|placc of bra.s.s. The alloys ean be 
readily forged and rolled, and can be drawn cold. Uiifoii iinaUdy, 
their Idgh price is a serious drawlnaek lo tludr more extended use, 
oxcept in special cases; but the alloys einitaining 2 p(‘i cent, of 
almniniurn have been used in the inanni,ti-lnro of lubes and lh(»so 
containing 5 per cent, lor hkIs, etc., uhde, owing to their 



beautiful gold colour, they have been largely used for art castings 
and cheap jewellery. 

Many of tin; diniculties mot with in brass, such as “season 
cracking,” are also eorninon to ainniiniuin-bionze, and il has been 
found that tubes which have received too groat a piueli in the 
drawing will fracture in the course of a few montlis exactly the 
same way as brass tubes. Moreover, ou annealing aluininium- 
bronze the crystals increase in size, just as in the case of brass. 
This growth of crystal is accompanied by a decicase in the 
ultimate strength of the alloy and a v^^ry marked falling-ofi in 
the yield-point. The table on p. 209 gives the results obtained 
by Carpenter and Edwaids in the case of. four alloys 
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Ak- 

minium. 

Condition. 

Yield- 

ponit. 

Ultimate 

Stress. 

Elastic 

Ratio. 

Elonpa- 
ti<in on 

2 m. 

Rttluc- 
tiun of 
Area. 

Per cent. 

0-10 

Hollcd— 

Untreated 

Tons per 
sq. in. 
6-9 

Tt»ns per 
sq. m. 

14-50 

0-48 

Per cent. 

6.V6 

I’er cent. 

90-71 


Ono liour at 600° 0. 

6-0 

14’U 

0-35 

or> 0 

91-60 


900° (J. 

Untreated 

5-8 

13-26 

0 44 

. 56 0 

87'06 

2-99 

11*6 

19-79 

0-59 

67 25 

86-11 


One hour at 600° C. 

6-9 

18-64 

0-37 

66-00 

89-84 


9r'0°C. 

Untreated 

5-8 

19-76 

0-30 

82-5 

83 60 

6-76 

11-8 

28-40 

0-42 

74 2 

76-98 


One hour at 600“ C, 

9 4 

27-20 

0-33 

77-0 

76-00 


„ 900* 0. 

Untreated 

6-0 

23-66 

0-26 

86-0 

70-00 

7-36 

10‘6 

29 68 

0-36 

72'5 

74-34 


One hour at 900* C. 

7'1 

23-89 

0-30 

92-0 

72-00 


lu these experiments the.alloys were only heated for one hour; but 
a practical example of the otlects of continued heating has been 
recorded in the case of a locomotive belonging to the London and 
North-Western Railway Company, which was fitted with aluminium- 
bronze firebox stays. After being in use for two months, during 
which time the locomotive had run only 2400 niile.s, it had to be 
taken off the road on account of the number of fractured stays. 
This question of the mechanical properties of alloys at temporatures 
above the normal is an exceedingly interesting one, and is dealt 
wtth in more detail in another chapter. 

As regards the general heat treatment of these alloys their 
properties appear to be little affected, whether slowly cooled or 
quenched. In this respect they differ from the alloys of the 
second group, containing more than 7'36 per cent, of aluminium. 
The curves in figs. 60, 61, and 62 show the results obtained by 
Carpenter and Edwards on chill castings and on sand castings 
slowly cooled and quenched from 800' C. , 

The alloys belonging to the second group are composed of two 
constituents, the new component being a hard acicular mass, 
which was formerly supposed to be a eutectic (photograph 32 ); but 
when examined under high powers its structure can be easily distin¬ 
guished from that of a eutecti^. Photograph 33 shows the striated 
or acicular structure of this constituent. It appears to be a 
solution of an unstable character, as i# is profoundly altered by heat 
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treatment. Under prolonged annealing it gradually loses ite 
structure aTid appears to reach a stable condition. Conse¬ 




quently, the alloys containing the constituent are considerably 
altered by thermal treatment as shown in the curves. The 
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bronzes of this class are still ductile, and have been used for 
propellers, while Carpenter and Edwards claim that they are 
unsurpassed for the production of castings intended to withstand 
high pressure. 

Fig. 63 gives the curve representing the hardness of the series 
of alloys containing aluminium up to 16 per cent., as deternnned 
by the Brinell test, and illustrates very plainly the rapid increase 
in hardness caused by the appearance of the hard constituent. 


Tons 



Fio. 62.—Tonsils Tests oa Sand Castings, quenched from 800* 0. in Water. 

fhe melting and casting of aluminium-bronze present no great 
difficulty, although both operations must be carried out with 
greater care than is necessary in the case of ordinary bronze or 
brass owing to the readiness with which the aluminium becomes 
oxidised. The alloys are melted in graphite crucibles under a 
layer of charcoal and with as little stirring as possible to prevent 
oxidation. Under these conditions very little alteration in com¬ 
position is noticeable on remelting. The fact recorded by several 
observers that .copper abd aluminium unite with the production 
of intense heat is due, not so much to the combination of copper 
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and aluminium, as to the combination of the oxygen contained in 
the copper with the aluminium. The heat evolved on alloySig 
deoxidised copper with aluminium is comparatively slight. 
Aluminium-bronze undergoes considerable contraction on cool¬ 



ing, and allawance must be made for this in casting the alloys, by 
providing large gates and a good head of the molten metal. The 
casting should also be carried out at as low a temperature as 
possible. There is no doubt that the contraction or shrinkage of 
aluminium-bronze, together with its proneness to oxidation, have 
done much to hinder its adoption for many purposes for which it 
might be usefully employed. The large risers required to com- 
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pcnsate for the shrinkage necessitate the melting of an excess of 
m'etal and the production of largo quantities of scrap to be re¬ 
melted, thereby raising the cost of production. 

As regards the almost instantaneous oxidation of the surface 
of the molten alloy when exposed to the air, and the difficulty of 
. keeping this oxideput of the castings, Sperry says: “The greatest 
obstacle in the way of casting aluminium-bronze is its oxidation 
when melted. Whenever the surface of the iholten metal is 
exposed to the air, a film of oxide of aluminium forms on it. The 
more it is exposed, the greater the amount. This explains why 
such a large amount of dross forms when aluininium-liron/.e is 
being stirred. When allowed to romain-at rest in a crucible, very 
little forms, as the surface of the metal is protected by the film 
already on it. It also shows why aluminium-bronze should 
always be poured with as little stirring as possible. Any agent, 
such as wet sand, which' tenils to stir the metal up, produces 
dross and the accompanying dirty castings. The more quietly 
aluminium-bronze can be poured, the better the castings. The 
only method,” he adds, “by which it can be cast in a commercial 
manner is to prevent its being agitated while the pouring is 
taking place, either by stirring, too high a drop from the crucible 
to the mould, or by wet sand. The more quietly it can bo poured, 
the smaller the quantity of drosa Dross which forms in melting 
.n^ay be skimmed off, but that which forms while the pouring is 
taking place enters the casting. The various skim gates, pouring 
from the bottom, etc., are all efficacious, as they serve to trap the 
dross and prevent its entrance into the casting.” 

In addition to the binary alloys of copper and aluminium, alloys 
containing a small percentage of nickel have been placed on the 
market. The addition of nickel appears to give harder and 
stronger alloys, but there is very little available information as to 
their praftioal uses. 

Aluminiutqjbronzes containing 1 to 2 per cent, of silicon have 
also been placed on the market under various trade names. The 
addition of silicon has the effect of increasing the tensile strength 
of the alloy, while the falling-off in the elongation appears to be 
very considerable. 
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Aluminium-brass. 

Aliirninitirn-brass, as its name implies, is a brass containing a 
small quantity—not exceedirjg 4 pd'.' cent.—of aluminium. The 
.alloys were placed on the market by the Cowles Electric Smelting 
Compasy, together with an alloy containing iron in addition to 
aluminium, which was known as Hercules metal. These alloys 
are still in use, and reference has already boon made to manganese- 
brasses containing aluminium. 

The constitution of aluminiiim-bra-sses has been studied by 
Guillet, and his results arc of considerable interest. His experi¬ 
ments have been carried out on the two important types of 
brass containing respectively 30 and 40 per cent, of zinc by 
adding increasing quantities of aluminium. He finds that the 
structure of the alloys is the same as that of the common 
brasses, the aluminium appearing to have the same effect as 
zinc, but to a greater degree. Thus an alloy containing 38 
per cent, of zinc and 2 per cent, of aluminium has the structure 
of a brass containing 45 per cent, of zinc; and this holds good 
with all the alloys, so that Guillet argues that in these alloyS 
1 per cent, of aluminium is equivalent to 3J per cent, of zinc. 

With more than 4 per cent, of aluminium the alloys are difficult 
to work. » 

Aluiniuium-brass gives excellent castings, and can be rolled 
and forged while hot. It is suitable for pumps, valves, pinions, 
etc., and also for propellers. Guillet states that the alloys have 
been used in Franco for the construction of submarines, but that 
they have not proved entirely satisfactory. 

The mechanical properties of several of the alloys have 
also been determined by Guillet, and his results are shown in 
the table (see p. 215). 

A number of alii'.ninium-brasses, to some of which a small per¬ 
centage of iron has been added, are now on the market, and their 
properties are similar to those of the manganese brasses to which 
reference has already been made. The addition of iron is of 
interest, as it alters the structure and properties of the alloys to 
some extent. The iron unites with a portiion of the zino to form 
a definite compound which separates out as small particles or 
crystals, thus forming a nucleus around which the so-called & 
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constituent solidifies. This structure, which is illustrated in 
photograph 26, confers upon the alloy the power of increased 
resistance to wear without materially aH'octing its strength or 
ductility. 


ComiK'silion. 







Ti'iifiilti SlnMii'ili 

Klrtbtic Liniit 

Elongation 




ill tons per stp in. 

III tons per aq. in 

per cent. 

Copper 

Zinc. 

Aliiiiiiiiuiin. 




70 0 

20 G 

0 0 

8-7 

3 6 

50 

69 0 

29 9 

0 1 

12-0 

2-9 

59 

70 0 

28-8 

0 M 

14 4 

4'2 

07 

70-5 

2(;-4 

3 1 

21-5 

8 6 

50 

70-1 

24-7 

6 2 

32-2 

4 7 

11 

60 0 

10-0 

0 0 

20-2 

5 1 

47 

59 6 

■lll'l 

0 .3 

20-5 

6*2 

51 

59 9 

40-3 

0-8 

19 6 

6 0 

45 

59 0 

38 5 

2 9 

29 2 

76 

U 

60 4 

35'9 

4-7 

28-0 

11-3 

2 

^dECHANlCAI, 

Testh on 

Ai.loys, Roli.kd, Diiawn and 

AnNKAI.EI). 

, Compositiou. 







Tensile Ktroiii'th 

KIubLic Limit 

I'-longation 




in toiib per sq. in. 

in toiiH per atj. in. 

|) 0 r cent. 

Copper. 

Zinc. 

Aluminiiiiii. 










61-4 

38 4 

0*7 

22-3 

6'4 

45 

GO J 

38-2 

11 

24-2 

7*1 

38 

61-0 

37-7 

1-4 

23*3 

7-8 

43 

59 9 

37*9 

^•0 

24-8 

11'5 

17 

69‘8 

37-2 

2 7 

2S-2 

11-2 

16 

6ti0 

36‘4 

3 9 

30*6 

ir6 

13 


Vanadium-Bronze. 

Although vaniuliuin-bronze has made little progress in this 
country it appears to have met with greater success in America, 
where it is said to be largely used by the U.S. Government for 
naval construction, as well as by private founders. 

The effect of vanadium upon copper and its alloys appears to 
be, like many other deoxidisers, twofold. In the first place, it 
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removoB all oxides, thereby giving sounder castings and more 
homogeneous metal. A small addition of vanadium enables pnYe 
copper to be cast with case, and the ductility is rather increased 
than decreased. The possibility of^ making intricate castings of 
pure copper is of the greatest importance in the electrical industry, 
and vaimdinm is of great assistance in this respect, but it must 
be remembered that an excess of vanadium increases the electrical 
resistance of the copper to a serious extent. For other than 
electrical purposes, however, an excess of vanadium increases the 
strength of copper and copper alloys. Some results obtained on 
these alloys in America have been given by Norris. He states 
that tests on a 60/40 brass in which only a trace of vanadium 
remained showed an increase in tensile strength from 17 to 22 
tons per sq. in. and an increased elongation on 2 ins. from 28 
to 45 per cent. Tests on two samples of manganese-bronze are 
also given as follows :— 


Composition. 


Manganese-Bronze. 

Manganese* 

Vamidium-Bronze. 

Copper. 

68-81 

58-56 

Zinc. 

88 08 

88-54 

Aluminium .... 

1*22 

1-48 

Manganese .... 

0-69 

0-48 

Iron. 

0*84 

1-00 

Vanadium .... 

nil 

0-03 

Tests, 

Ultimate tensile strength . 

24 '2 tons 

36'4 tons 

Elastic limit .... 

13-6 „ 

22-6 „ 

Elongation on 2 ins. 

22 per cent. 

12 per cent. 

Reduction of area 

18 

14 


An alloy similar to manganese-bronze but in which the man¬ 
ganese is replaced by vanadium is said to be largely used in 
• marine work, and the following tests are given for the oast and 
cold drawn metal;— 
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Cast. 

; 

(/old Drawn. 

g-iiK'li rod. 

8-incli wire. 

Ultimate tensile strength 

317 tons * 

41 '1 tons 

46 0 tons 

Elastic limit . 

12i ' ,, 

36-7 

36-4 „ 

Elongation on 2 ms. 

32 per ooiit 

11 6 per cent. 

12 0 per cent. 

Reduction of area . 

27*8 „ 

29'3 . 

33'6 ,, 


Experience in this country is insutlicient to enable any definite 
conclusion to be arrived at witli regard to the merit of vanadium 
as compared with otlier metals commonly used as additions to 
copper alloys. 
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CHAPTER X, 


GERMAN SILVER, AND MISCELLANEOUS COPPER 
ALLOTS. 

Gbuman silver pi'obKl)ly exists under » greater number of names 
than any other alloy. Nickel silver, argentan, packfong, white 
copper, silveroid, silverite, Nevada silver, Poto.si silver, Virginia 
silver, and eleotrum are some of the names which have been used 
to describe it in this country; while on the Continent it is known 
as miitlechart (after Maillct, wlio introduced it into France in 
1719), alfeniiU ari/iroide, neu-siher, md weiss-liujifer. The alloy 
consi.sts of copper, nickel, and zinc, but the (|uantitie8 vary 
considerably in different samples. Before dealing with the 
ternary alloy it may bo well to lirielly consider the binary alloy.s 
of copper and nickel, as they have (to a limited extent) their own 
industrial applications. Unfortunately, very liltle work appears 
to have been done in connection with either series of alloys, and 
the information concerning them is incomplete and unsatisfactory. 

From the freezing-point curve of the copper-nickel series, as 
determined by Gautier, it would seem that a compound corre¬ 
sponding to the formula CuNi is formed, which is soluble in 
copper and nickel. The micro-structure of the alloys confirms 
the view that they'are solid solutions, but does not. indicate the 
eiistenoe of a compound. The electrical conductivity of the 
series, however, shows a minimum in the alloy containing 40 per 
cent, of nickel, wliich is not far removed from the composition of 
the supposed compound; but, on the other hand, the measure¬ 
ment of the electromotive force of the alloys fails to indicate 
the existence of a compound. 

Apart from the alloy containing ,50 per cent, of nickel, which 
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is used in the manufacture of German silver, tho alloys y;on(*rally 
uee^ contan» quantities of nickel not exceeding 25 per cent. 
These alloys, when cast, exhibit the characteristic structure of 
quickly-cooled solid solutions, J)ut, on annealing, tho crystallites 
undergo gradual absoi [itiou and are replaced by the regular 
crystalline structure of simple metals and homogeneous solid 
solutions. This change of structure with annealing has been 
considered in some detail in the case of tho copper-/inc alloys 
■ conbiining 30 per cent, of zinc. 

An alloy containing 25 per cent, of nickel has been largely 
used as a coinage alloy, but at the present time tliore apjiears 
to be a tendency to substitute nickel coins for those of tho alloy. 
A 25 per coat, alloy has also been used for locomotive firebox 
plates with satisfactory results; while an alloy containing only 
5 per cent, of nickel has been adopted by tho llritish Government 
for the driving bunds of projectiles. Copper containing 3 per 
cent, of niclicl has also been found to givo excellent results for 
locomotive boiler tubes. In this connection an instructive 
experiment was made by Mr Webb of tho London and North- 
West orn Railway Works at Crowo. A four wheols-coiipled 
passenger engine was lilted with 198 tuhos by ten dilTeront 
makers and a record kept of tho tubes roijuiring renewal. The 
first tube fafled after the engine had run 34,087 miles, and the 
second tube (of the same make) after 10,612 miles. The first 
and only failure of the make which stood best did not occur until 
the engine ha<l run 12.3,896 miles. The failure of the tubes, 
which was due to wear from the inside by the corrosion of 
furnace gases and abrasion of cinders, invariably occurred at 
la point within 6 ins. of tho firebox and at tho bottom of 
the tube. Analyses of all the tubes showed that those giving 
the best service contained about 3 per cent, of nickel, and 
excellent resglts were obtained from those cantaining not less 
than 0 6 per cent, of arsenic. Tho use of alloyia containing 
about 2 per cent, of nickel for firebox stays has already been 
mentioned. 

An alloy containing 60 per cent, of copper and 40 per cent, of 
nickel is known under Jhe name of constantan, and is used in 
the form of wire for electric resistances, and also in conjunction 
with a copper wire as a thermoelectric jimetion suitable for the 
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moamirement of temperatures which are not sufficiently high to 
necessitate tlie use of a platiiuim couple. 

During the Last few years an alloy of nickel and copper to 
which the name Monel metal h^a been given has been very 
largely used in America. It is produced by the direct reduction 
of the nickel-copper matte obtained by smelting the mixed 
sulphide ores of the,so metals as they occur in Ontario. Naturally 
the composition varies within certain limits, and additions may 
also be made in order to alter the mechanical properties to suit 
requirements. The composition of the natural alloy is approxi¬ 
mately 6'7 per cent, nickel, 28 per cent, copper, 2 to 3 per cent, 
iron, together with small quantities of silicon, manganese, etc. 
A sample of rolled metal of this composition gave a tensile 
strength of 47 tons per sip in., with an elastic limit of 34 tons, 
and 20 per cent, elongation on 2 ms. 

The alloy casts well if a suitable deo.tidiscr such as aluminium 
or magnesium is used, and it is capable of being rolled into rods, 
sheets, etc., without difficulty. It resists corrosion remarkably 
well, and is being used in America for the manufacture of pro- 
poliers. The U.S. Governmeut specification for the composition 
of the alloy tor this purpose is; — 


Nickel 

. 60'0 per cent. 

Copper 

33 0 

Iron . 

. 6’6 

Aluminiiini . 

• ,1 

Lead .... 

nil 


This gives a tensile strength of 37 tons, with an elastic limit of 
17 tons, and an elongation of 44 per cent, on the cast alloy, and 
39 tons teu.sile, 26 tons elastic, limit, and 40 per cent, elongation 
on the rolled metal. Other physical properties given for this 
alloy as cast are, specific gravity 8'87, melting-point 1360’, hardness 
(scleroscope) 22, electrical conductivity 4 (taking copper as 100), 
and shrinkage J in per foot. Monel metal is said to have been, 
used in Germany for firebox plates, but information on this point 
is lacking. 

Owing to the remarkable resistance to corrosion shown by the 
nickel-copper alloys containing high percentages of nickel, attempts 
have naturally been made to adapt these alloys to various engineer¬ 
ing purpo.ses. If, for example, part of the nickel in an alloy similar 
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to Monel metal is replaced by tin, the ductility of the alloy is 
lowored, but it possesses great resistance to corrosion, a low 
ooetEcient of friction, and is unaffected by mixlerntcly high 
temperatures. It is therefore a valuable alloy for the con- 
struotion of such parts as the seats and discs of high-pressure 
steam valves. An alloy for this purpose containing ap])roximately 
64 per cent, of nickel, 33 per cent, of copper, and 13 per cent, 
of tin, known as Platnam metal, is due to the enterprise of Messrs 
J. Hopkinson A Company, who were the first to realise the 
importance of these alloys. 

The addition of zinc to the copper-nickel alloys Is not attended 
with the formation of compounds, and the resulting alloys (the 
German silvers) consist of a single homogeneous solid solution. 
Photograph 34 shows the structure of a rolled German silver. 
They may be regarded either as brasses containing nickel in 
solntioD, or as copper-nickel alloys containing zino in solution. 
They are very ductile, and can bo rolled, haTiimered, stamped, 
and drawn. At the same time they are hard, tough, not easily 
corroded, and, above all, possess the valuable property of being 
white. As in the case of most solid solutions, the alloys are 
softened by annealing. 

The following table gives the results of a number of analyses 
of German silvers (collected by Hiorns) with the names of the 
authorities:— 


, Autliority. 

Composition per cent. 

(Jopper 

Nickol. 

Cobalt. 

Zinc. 

Iron. 

Le.ul. 

• 

1. Fyle . 

40-4 

aro 


25-4 

2’0 


2. Fricke 

50 0 

31*2 


18*8 



8. Ouettier 

63-3 

26-0 


20-1 



4. ,, . . 

51 6 

20-0 


^2-4 



5. Kropp . 

51-6 

26'8 


22 0 



6. „ . . . 

48-6 

24-8 


24 3 


2 9 

7. Hiorns . 

.57 0 

24-3 


18-7 



8. Guettier 

59 0 

22-2 


18-5 


0 3 

9. „ . . 

55-2 

21-4 


23 4 



10. Hiorns , 

59-1 

20-2 


20‘1 

0-3 


11. 

56 6 

20-3 


23-2 



12. Henry . 


. 19 3 


13-0 



13. Lonyet . 

03-3 

19'1 


17*4 
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Anai.ysrs op Gbrman SiLvm—continued. 


Authority. 


Composition per cent 


' " ■ 

Copper. 

Nickel. 

Cobalt. 

Zino. 

Iron. 

Lead. 

14. D’Ai'cot. 


50-0 

18'7 


31 2 



15. Hiorns , 


58-0 

18'6 


23‘5 



16. Smith . 


60-0 

18-8 

8'4 

17-8 



17. Kriipp . 


58-3 

19-4 


19-4 


2-9 

18. Hiorns . 


53'1 

16-2 


80 0 

0-fl7 


19. 


5.5'6 

16-7 


287 



20. „ . 


rm 

16-6 


27’2 

d-a 


21. Lonyet . 


62‘4 

16-0 


22 i 

... 


22. Ki'Upp . 


67'8 

14 3 


271 


08 

28. Hiorns . 


68-7 

13'8 


26*4 

1 b 


24. „ . . 


67-0 

13-4 


27'6 

2-0 


25. Eisner . 


f)7-4 

18 0 


28-6 

3'0 


26. Hiorns . 


6.5 4 

11*6 


31-4 

1-6 


27. Lonyet . 


62 6 

10-.8 

,,, 

26-6 



28. Roeliet . 


59 i 

9-7 


31*2 



29. Hiorns . 


66*0 

8*2 


25*8 

ob 


80. Krujip . 


63'0 

6-0 


31-0 




Tho same authority gives the composition of the varicas 
qualities of German silver made by the best makers in Birmingham, 
together with tho trade names under which they are known;— 


Name. 

Composition per cent 

Copper. 

Nickel. 

Zinc. 

Extra white metal . 


60 

80 

20 

White metal . , 


54 

24 

22 

Arguzoid . , . . 


48i 

20i 

81 

Best Best .... 


60 

21 

29 

Firsts or best 


56 

16 

28 

Special firsts 


56 

17 

27 

Seconds . •, ■ 


62 

14 

24 

Thirds .... 


66 

12 

32 

Spi'oial thiWs . 


66i 

a 

' 324 

Fourths .... 


55 

10 

35 

Fifths, for plated goods 


67 

7 

86 


The best of these alloys are somewhat costly; and for most 
purposes the quantity of nickel does not exceed 20 per cent. 

As the result of a number of experiments on the relative 
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oOMipositioii of (Jeniiari silver, Hiorns conoliideB that, for alloys 
co«taining less than 16 per cent, of nickel the quantity of zinc 
should be 30 per cent, in order to give the best results; while 
with alloys containing more than 16 per cent, of nickel the 
quantity of zinc should be less than 30 per cent. 

As regards the impurities found in Oorinan silver, those most 
often met with are iron, lead, and tin. Iron forms a solid solution 
with the alloy, with the result that it increases, the strength, 
hardness, and elasticity of the alloy, and at the same time makes 
it slightly whiter. It follows that for some purposes the addition 
of 1 or 2 per cent, of iron may be an advantage. Tin, on the 
other hand, does not enter into solid solution in the alloy, but 
forms a eutectic which renders the metal brittle and unfit for 
rolling. It also makes the alloy decidedly yellow in colour when 
present even in small quantities. For ornamental castings, how¬ 
ever, an alloy containing 1 or 2 per cent, of tin is frequently 
used. Lead does not alloy with Cerinan silver, hut scpaiates out 
as metallic load, in the same way as already described in the case 
of brass. This metal is therefore piirposoly added to the extent 
of 2 or 3 per cent, when the metal is to be east and subse¬ 
quently worked, but is not permissible in metal that is intended 
for rolling. The remarks which have been made with regard 
to lead in .brass apply equally to the case of Cerman silver. 
Cobalt is occasionally found in small quantities, owing to its 
pitsenoe in the nickel, and has sometimes been purposely aildcd ; 
but it is an expensive metal, and docs not appear to confer any 
properties upon the alloy to justify its presence. 

German silver is made by melting the metals in the usual way 
in graphite crucibles. The separate metals, however, are not 
melfed together; but are used in the form of alloys of copper and 
nickel and copper and zinc. This method answers the double 
purpose of more readily producing a homogeneous alloy and 
lessening the oxidation of the zinc. Shortly beforo,pouring the 
metal a further small quantity of zinc may bo added, to com¬ 
pensate for volatilisation and ensure thorough deoxidation of the 
alloy. 

The metal is cast in iron moulds similar to those used in brass 
casting, but of differenffsizes. For ingols whicli are intended to 
be rolled into sheets the moulds are from 16 to 18 ins. in length. 
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1 to 1J ins. thick, and from 4 to 5 ins. wide; while for ingots for 
wire drawing the sizes are from 4J to 5 ft. long, IJ ins. thick, 
and ins. wide. The method of casting is exactly the same as 
in the case of brass; but the melting-point of German silver being 
higlier than that of brass, the casting has to be performed rapidly, 
or the crucible has to be returned to the furnace to be reheated. 

From time to time various metals have been added to German 
silver for special purposes, and a great number of complex alloys 
have been patented ; but very few of them appear to have met 
with any success. There are, however, a few exceptions which 
may be mentioned. 

Platinoid is a German silver containing tungsten. It consists 
of 60 per cent, copper, 14 per cent, nickel, 24 per cent, zinc, and 
1 to 2 per cent, tungsten. This alloy possesses a low electrical 
conductivity, and has therefore been largely used in the manu¬ 
facture of electrical resistances. It should be pointed out, how¬ 
ever, that many samples of platinoid fail to show even traces of 
tungsten on analysis. 

German silvers containing silver were introduced long ago by 
Ruolz, and were used for making jewellery. The composition of 
the alloys varied, but they contained from 20 to 30 per cent. Of 
silver, 25 to 30 per cent, of nickel, and 35 to 50 per cent, of 
copper. Similar alloys, but containing less silver, have been used 
for the subsidiary coinage of Switzerland. The percentage com¬ 
position of these alloys was as follows 



20 Centimes. 

10 Centimes. 

6 Centimes. 

Silver .... 

15 

10 

5' 

Copper .... 
Nickel , . . . 

50 

26 

55 

25 

60 ^ 

25 

ZlDO 

10 

10 

10 


Several (lerman silvers containing aluminium have been 
suggested, the aluminium acting as a deoxidiser. An alloy of this 
description containing 67 per cent, copper, 20 per cent, nickel, 
20 per cent, zinc, and 3 per cent, aluminium, is largely used lor 
typewriter parts. Magnesium is sometimes used for the same 
purpose, and an alloy containing 75 to 90 per cent of copper, 10 
to 25 per cent, of nickel, and 1 to 2 per cent, of magnesium, is said 





6eri<an silver, copper alloys. 


226 


to be largely used in Germany. The high cost of these alloys, 
however, is a serious drawback. 

German silver can bo readily soldered, the alloy used for this 
purpose being made more fusible than the German silver by 
having a larger proportion of nine. The usual composition of 
German silver solder is ; Copper 47 per cent., nickel 11 per cent., 
and zinc 42 per cent. 

Phosphor-copper. 

Copper and phosphorus combine very readily with the formation 
of a definite chemical compound corresponding to the formula 
Cu,P. It has a bluish-grey metallic 
lustre, is very hard, and brittle enough 
to be easily reduced to powder. It 
forms with copper a simple series of 
alloys with a eutectic containing 8 2 
per cent. Of copper and melting at 
704° 0, Commercial phosphor-copper 
occurs in two varieties—one containing 
16 per cent of phosphorus, which is 
practically the compound Cu,?; and 
the other containing 10 per cent, of 
phosphorus,»con8i8ting mainly of the 
eutectic. Both these phosphor-coppers 
are'Biceedingly brittle ; this is a great 
advantage, as their chief use is that of a 
deoiidiser to be added to copper and copper alloys. A brittle sub¬ 
stance which can be broljen into small lumps or pj^wdered, possesses 
obvious advantages when exact quantities have tote weighed out. 

Phosphor copper is made either by passing the vapour of 
phosphorus into molten copper, or over heated copper, or, more 
readily, by adding phosphorus to molten copper. An ingepious 
device for effecting the combination is described by .Hiorns and 
illustrated in fig. 64. Phosphorus is placed in the lower vessel A, 
and the molten copper is poured in through the upper vessel B. 
Any phosphorus vapour which escapes combination in the lower 
vessel is caught as it passes through the molten metal in the 
upper vessel. 

The usual method of preparing pbosphpr-coppcr is by adding 
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phosphorus to molten copper. The cakes of yellow phosphorus 
are immersed in a solution of copper-sulphate until completely 
coated with copper. Tlioy are then dried carefully in sawdust, 
and plunged below tlio surface of the metal in the crucible by 
means of a pair of tongs. 

Cupro-silicoa 

The alloys of copper and silicon, like those of copper and 
phosphorus, are used mainly as dooxidisers in the manufacture of 
copper alloys. Commercial cupro-silicon is made in the electric 
furnace, and contains as m\ioh as 50 per cent, of silicon; but the 
alloys most generally used do not contain more than 35 per cent. 
Those alloys are extremely brittle. 

According to Guillot the alloys containing loss than 7 per cent, 
of silicon consist of solid solutions; but beyond this point there is 
a eutectic which melts ,at about 800". 

Copper containing a small quantity of silicon, not exceeding 
0‘1 per cent., is much stronger than pure copper, and has been 
largely used for the manufacture of telegraph and toleplione 
wires. For this purpose silicon is much better than phosphorus jis 
a hardening agent for copper, the conductivity of tlio wire being 
considerably higher. The addition of piiospliorus to copper is 
accompanied by a very marked increaso in its electrical resistance. 

Copper containing a small percentage of silicon has also been 
successfully used as a material for firebox plates. 

Cupro-manganese. 

Reference hasjfJrcady been made to the alloys of copper and 
manganese in Tsonnection with the manufacture of manganese- 
bronzes and brasses. The commercial alloys contain about ^0 per 
cent, of manganese and sometimes from 2 to 4 per cent, of iron, 
and they appear to be homogeneous solid solutions of manganese 
in copper. rThoy are principally used in the manufacture of the 
so-oallod manganese-bronzes, in which the manganese acts partly 
as a deoxidiser, while any excess of the metal is soluble in the 
bronze and imparts strength and hardness to it. 

Simple alloys of copper and manganese containing from 4 to 6 
per cent, of manganese are employed fof firebox stays; but this 
appears to be the only useful application of the alloys. 
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Copper-magnesium. 

Of the alloys of copper and niagiiesiimi have been 

extonsivoly used as dcoxidisors in the melling of coppei' alloys, 
and more p.'irticularly Genuiin silver. ^.Magnesium iniite.s with 
oxygen with oven greater avidity than aluiiiinuira, and any oxcoss 
of the metal above that required to reiluce the oxides in tlio alloy 
appears to form a soliiLsolution with the alloy, without lujiiriug 
or materially aflecting its properties. 

The freezing-point curve of the serie.z, which has been dolor- 
niiiied by M. lioiidoiiard, is somewhat complex, and indicates the 
e.xistence of three definite compounds, corresponding to the 
formuhe Cii^Mg, CiiMg, and CiiMg^. I'lie curve, then, can bo 
regarded as four curves repre'senting respectively— 

1. The alloys formed lietween copper and the compound CiqMg. 

2. The alloys formed between the two coin|)onnds Cu.,Mg and 

CiiMg. 

3. The alloys formed between the two ooinpounds t'uMg and 
CuMg.,. 

4. The alloys formed between tlio eompouiid (jn,\lg,_, and 
'magnesmin. 

Tho microscopical e.xamniation of the alloys confirms the 
existence of tho throe conipoiiiid.s. As might be expected, almost 
the entire Series of alloys are eiticmely buttle. 

Copper oxygen. 

Copper possesses the somewhat iinnpie property of forming a 
well-dcliiied aeries of alloys with its own o.xido. The alloys are a 
simple senes, the eutewtio, which is shown in photograjih 130 , con- 
taiging 3 45 per cent, of cuprous oxide (CiijO), equivalent to 
0-39 per cent, of oxygen. This behaviour of copper towards its 
oxide is of considerable importance, and must be taken lute account 
when considering the properties of the copper alloys. Owing to 
the fact that the oxide separates in the spherical atid not in the 
laminated form its inflneneo on the mechanical properties of the 
metal is relatively small. Thus Hainpc states that 0 4.5 per cent, 
of copper oxide (equivalent to 13 per cent, of eutectic) in pure 
copper does not alt'cct jts ductility, and only when 2-25 per cent, 
of oxide, or 65 per cent, of eutectic is exceeded, does the metal 
become short. 
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The influence of impurities on the condition in which oxide 
exists in copper IS of coiisidernbic iiilcrc.st. Tims arsenic, which 
is present in nearly all commercial coppers and which forms a 
solid solution with copper, causes tl,io copper oxide particles to 
aggregate or “ball up” until the eutectic structure disappears. 
This accounts for the fact that the eutectic structure is never 
detected in commercial coppers, oven though they contain con¬ 
siderable (juantities of oxygen. Photograph 63, for example, 
shows the oxide in a firebox copper containing no less than 1 per 
cent, of oxide or the equivalent of 29 per cent, of eutectic. It 
contains, however, 0'4 per cent, of arsenic, and this is quite 
sutfioient to completely destroy the characteristic eutectic structure 
and cause the oxide to separate in massive form. The way in 
which the oxide particles of the eutectic coalesce is shown in 
photographs 51 and 62, which represent tlie eutectic mixture to 
wliicli 0’08 per cent, of arsenic lias lioen added. 

Oopper-arsenic. 

Tlie alloys of copper and arsenic are of some importance on 
account of the fact tliat in this country firebox plates and stays 
are made almost exclusively of copper containing arsenic. Tlic 
complete series of alloys have liecn investigated by Bengough and 
Hill, who have shown that under normal conditions'of cooling 
copper forms a solid solution witli arsenic up to about 3 per cent., 
while in the case of slow cooling or annealing the solubility is 
considerably le.s3. It is evident, therefore, that only those alloys 
containing very small percentages of arsenic are of any practical 
value, and as a matter of fact the actual percentage in practice 
rarely exceeds 0 6 per cent, ft must be remembered, lioweyer, 
that the arsenic enters into solution not as nietallio arsenic but as 
arsenide of copper (CiijAs), and 1 '8 per cent, of arsenide (corre¬ 
sponding to 0'6 per cent, of arsenic) has an appreciable effect in 
strengthening and stiffening tlie copper. 

In addition to those already mentioned, a number of copper 
alloys are now manufactured tor use in the preparation of special 
bronzes and brasses. These include copper-vanadium, containing 
8 or 9 per cent, of vanadium ; copper-titanium, containing 10 per ^ 
cent, of titanium; copper-chromium, containing 10 per cent, of 
chromium ; and copper-ihon, containing 50 per cent, of iron. 
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(:hapti;r XI. 

WHITE METAI ALLOYS LEAD, TIN, AND ANTIMONY. 

Tim .illoya of tlioae metals arc very lai'uely employed in tlic 
inilustri-il aorld, and arc iismillv met with under the name of 
“ while-metal.” The term is ap|)hed iiidhi rimin.ately to any of 
tlie alloys, whether composed of only two of the metals or all 
three toaother, Init, as each senes of alloys has its dislinet uses, 
It will simplify matters to deal first with tin; Ihree possible senes 
of bin.ary allots—viz. lead-tin, lead-antimony, and tin-antmiony 
—and then with the triple alloys. 

Alloys of Lead and Tin - T'hese metals do not form eoinpoiinds 
or solid solutions, but mix in all proportions, tlius iorming the 
simplest senes of binary alloys. The freezing point curve of the 
•series has already been referred to, and it is only necessary to 
re[)cat that tlio onteetio eoiilains 37 per cent, of lead, and iiahts 
at 182 5 °. On either side of this point the alloys consist of ono or 
otlier of the metals snrronmled by the entectie. The percentage 
of tin in the cast alloys can be roughly estimated by the appear¬ 
ance of tho surface. Those rich in lead possess the dull bluish 
colour cliaractcristio of that metal; while the alloys rioli in tin 
have a white surface, which has a sliglit yellow superficial deposit 
of oxide of tin. T(io alloys containing more than 25 per cent, of 
lead will leav.? a mark when drawn across paper. 

TTie alloys of lead and tin are used [irincipally in the manu¬ 
facture of solders, toys and cheap jewellery, and pewter. 

Solders are very variable in composition according to tho quality 
of the metal to be soldered. T'lm.xe rich in tin are, of course, the 
most valuable, and the alloys arc known, according to the amount 
of tin they contain, as “.common,” “ medium," and “ best.” 
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For eoldoring tiu und alloy« rich in tin a solder rich in tin must 
be Employed , wlnlc for load and .dloys rich in lead a solder rich 
in lead m used. Erohahly the alloy most eornmonly employed is 
that containing GG per cent, of lead and 31 per (‘ont. of tin, or 
two parts lead to one of tin, f^ijual paits of lead and tin givu 
the alloy known as “ Idundiers’ Solder,” while GO pei <'onl. tin and 
40 per cent lead is know ii as “ 'I'nisnutlis' ” or “ Tiiiinen’H Solder.” 
For electrical work an alloy containing ‘.In per c<int. of tin is 
largely usefl 

The best solder.s should ho ncuh* from pure metals and not 
from scrap, as imputiLie^ t'ven in sin.dl ipi.intitU’S have a pio- 
nounced influence on the (]uality of the alloys Both zine aiul 
antimony iiavc an injurious efVcol, although tlu; latOu- is some 
times added as it improves the sinra''o .ippe.trance of the iiK'tal. 
Phosphorus, on the other hand, may ho added in small (piantiti(‘s 
to eliect complete deo.\idatiou and render the solder more Ihiid 

The suitability of the alloys of lead and tin for soldeniig is 
dependent on the fact that those metals do not form componmis 
or solid solutions, and, irt eon.socpiene-', almost the entire, series of 
alToys is eumpo.sod of a metal and a eut'siitic niKture at tonniera 
tures lying botwoeu the molting-points of these two the alloy is 
only partly solid, or in tlie jiasty condition winch cnahles it to 
be easily applied lu soldeiing. Thus, in tin- case of the alloy 
referred to above containing GG per cent, of lead, tiiore is a 
ran^ of tomperature of GO" during which the alloy is m a pasty 
condition. The eutcetiis itself uul tfie al^H^ in its imiiKjdiafe 
neighbourho<»d are not suitable for solders, hut thuy solidify 
with an exceedingly height snriuce, and have been used for 
making imitation jewels, sometimes known as Fahlum brilliants, 
for stage purposes The eutectic alloy is cast in moulds with 
facets resembling the cutting of diamonds. Alloys ncli m learl 
are used for making toys, such as lead soldiers, etc. These, 
however, contain very little tin seldom more Uian 4 or 
5 per cent. 

The best known of the lead-tin alloys is that commonly known 
as pewter. This alloy is largely used, and its composition varies 
considerably. When intended for the manufacture of drinking- 
vessels it is essential that the alloy should bo rich iu tin. This is 
evident from the consideration of the constitution of these alloys, 
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tor those containing moro than 37 per cent, of lead (that is to say, 
more lead than is sufficient to form the eutectic of the series) will 
contain free lead in a form readily corroded and dissolved by acid 
liquids. In order to avoid ri.sk of lead-poisoning, therefore, 
pewter should contain at least 63 per cent, of tin, and in France 
the law prohibits the use of pewter containing more than 18 per 
cent, of lead for drinking-vessels. 

A large quantity of pewter is used in the arts. For this purpose . 
the composition may be altered to suit the requirements of the work. 
Copper in small quantities is a frequent constituent of pewter. It 
produces a haider alloy, but, if present in more than small quan¬ 
tities, has an injurious etl’ect upon the colour of the pewter. 

Lead and Antiinony.—As in the case of the lead-tin alloys, these 
metals do not form compounds or solid solutions, but produce a 
simple series of alloys with a eutectic containing 13 per cent, of 
antimony and molting at 245". On one side of this point the 
alloys consist of lead embedded in eutectio, and, on the other side, 
antimony embedded in eutectio. The useful alloys of lead and 
antimony are somewhat limited; those 'consisting principally of 
lead with small amounts of antiinony, introduced as a hardening 
agent, being the most useful. An alloy, however, containing 
67 per cent, of lead and 33 per cent, of antimony is occasionally met 
with, and is used in making the keys of wooden wind instruments. 
Antifriction metals consisting of lend and antimony are still some¬ 
times found, but these have been superseded by the more efflkient 
triple alloys. 

Lead containing antimony up to about 4 per cent, is largely 
used in the manufacture of the framewopk of accumulator plates, 
as the alloy is stronger than pure lead, less liable to buckle, and 
cheaper. Antimonial lead is also used in the manufacture of 
shot and bullets. 

With the addition of small quantities of other metals the alloys 
of lead an^ antimony are eitensively used as type-metal. The 
essential requirements of a good type-metal are : (1) that it shall 
give good, sharp castings; and (2) that it shall be sufficiently 
strong to withstand the necessary wear and pressure without 
losing its form. The first'of these requirements is fulHlled by 
the alloys containing not more than To per cent, of antimony, 
which possess the property of expanding on cooling; but th»y' 
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*re not strong enough to stand tiiird wear. In order to increase 
the strength of these alloys a C(!rtain quantity of tin is added, 
which forms a hard oonipoiind corresponding to the forinnlaSnSh . 
and this compound crystallising' out in the soft alloy has the 
effect of considerably increasing the compressive strength of the 
mass, without otherwi.so altering the character of the alloy. 
The composilion of type-metal varies considerably. An alloy 
containing lead .fO, tin 25, and antimony 25 is said to give the 
best results for high-class work ; but the price of such an alloy 
i8,too high on account of the tin it contains, and a more nsnal 
composition is appro.xnnately lead CO, •antimony .CO, and tin 10 
or even less. Plates for inn.sic engraving of someahat similar 
composition are used abroad, but in this country the best 
mnsic printing is done on pewter plates. 

Modern printing machines such as the monotype and linotype 
use an even cheaper alloy, in which the tin is often as low as 3 per 
cent, and the lead as high as 85 per cent. 

Alloys of lead and antimony are frequently used in the con¬ 
struction of pumps rc(|uired for dealing with corrosive liquids, 
and? as it is important to know the strength of these alloys, 
Prof. Goodman h.is made a number of verv complete doternnna 
tions. The alloys selected had the folhiwing compositions — 


Number. 

1 Anlimoiiy, 1 


Tin. 

1 

10 

90 


2 

18 

87 


8 

15 

85 


4 i 

15 

m 

6 


and the tests were carried out with the object of determining— 

(1) The tensile strength and elasticity.^ 

(2) The compressive strength and elasticity. 

(3) The crushing strength. 

(4) The bending strength. 

(6) The shearing strength. 

The results of these tests are given in the tables on p. 238. 

Tin and Antimony.—^These metals give rise to an citrerncly 
interesting but considerably more complex series of .alloys than 
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0*92 
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0-117 ! 

2*16 

4/ 
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2-046 

1-12 
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1 96 
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1 

2*046 

1 09 

-4*59 , 

0-076 

1*92 
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those just considered. The freczing-poir»t curve, us determined 
bj ileinders, indicates tliat the alloys containing antimony 
up to 10 per cent, consist of tin and a eutectic; but beyond 
10 per cent, the characteristic cubical crystals of the compound 
SnSb make their appearance, and when 50 per cent, ia reached 
the alloy becomes homogeneous and consists onliroly of this 
compound. With more than 50 per cent, of antimOny neither a 
eutectic nor a new constituent makes its appoanwico; but the 
crystals gradually change their form and become more and more 
like those of antimony. Evidently, then, this is a caso of a 
compound being isomorphous with a pure metal; and this fact 
accounts for tlio abnormal freezing-point curve, which apparently 
Tails to indicate the e.\istcnce of a compound. Th<* conductivity 
of the alloys (as determined by Mattlnesseu) and the electromotive 
force of soliitipn (as determined by Laurie) also fail to indicate 
tlie existence of a compound for the same reason. 

Tile alloys of tin and antimony togotfier witli .small (juantities 
of other metals constitute the class of alloys known under tlie 
name of Britannia metal. The ♦‘ollowing table show.s the 
ijfempo.sition of a number of the.so alloys:— 


*AlK»y. 

* 

Till 

Aiili- 

iiidiiy. 

CmI'Ir'I 

Zinc 

bis- 

inntli 


ClIlnT 

Bifturiii):v DieUl (Kni;.) 


5 

1 



_ 


90 

6 

<2 


2 




90 

7 

;i 






89 a 

7 

1-8 



1-H 


*1 ). 

8,-. 

9 7 

l\s 

3-0 





79*" 

8-a 



s u 

8 ./ 


,, (slicil.) 

9(1 0 

7'' 

1 5 






9" 

9-2 

0 2 





, Qui'i'ti’b iiicliil . 

,sk:^ 

7 1 

3T. 

0 9 




n 

Ashbeuy nu-ltil . 

88 fi 

7-0 

8 5 

... 

1 



80 

14 


1 




lliriofor . , . 

79 

15 

.3 

2 



1 

08 

lH’2 

3-3 

10 




Goi iiiun iiieUl . 

7^ 

24 

4 





M • • 

84 

9 

2 

5 




»> * • 

20 

64 

10 

6 





The presence of copper m liritanrua metal products a haiiJer 
and less iluctile alloy, and has an injurious efleot upon the colour 
if present in more tlian small quantitiesf Zinc and iron also 
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increase the hardne.ss and lirittleness of tlie alluy, and arc not 
desirable constituents, l.c.id, on tlie other h.and, iimy bo added 
with advantage where a very fluid metal is nsjiiired for casting; 
blit the amount added should be small, if the colour of Britannia 
metal is to be retained. 

In all these alloys the antimony has the elTcet of harden¬ 
ing the tin, 80 that it is more easily worked and takes a 
liner polish. The liest castings are obtained from brass moulds 
previously heated and coated with lamp black. Britannia metal 
is extensively used in the maiiiifactiire of such articles as tea- and 
coffee-pots, mngs, etc., and also for taps. 

The triple alloys of lead, tin, and antimony are largely used 
as antifriction alloys, and will be considered under that heading. 


Lead, Tin, and Antimony Aucys. 



Lead. 

Tin 

nioiiy. 

Copper. 

KlerUoLyjiO mein) . 

‘13 0 

:f0 



Linof;y|)P motil .... 

8,5-0 

3-1) 

120 


83-0 

5-0 

1-2 0 


SLeiotitypc mcttil . 

82-5 

}T> 

LLii 



82-0 

6'0 

12-0 


„ (old) ■ 

68’0 

U-0 

IS'O 


Muuotyjio luetal . 

35 0 

(ji) 0 

5-0 


74 0 

8-0 

18-0 

... 

Type nii'lal . ... 

77-6 

6 f) 

16-0 


70-0 

10 0 

18-0 

2-0 


<;3-2 

12-0 

■J4 0 

0'8 


i;o-6 

U-5 

24-2 

07 


so-o 

lO'O 

30-0 


Solder (lor elcctiioal umk.) 

.50-0 

2.5-0 

25-0 

• 

6*0 

95-0 



,, (tinsmiths') 

lO-O 

Iio-o 



„ (onlinarv) . 

50-0 

50 0 



(‘‘phimbeis’boiilcir’), 

60-6 

33-3 












CHAPTER XII. 

ANTIFEICTION ALLOYS, 

In a porloctly ailjiistcil and Inbriratod lieaniiv' tln rr is a tliiii 
layer id oil bolwocn the jouni.-il and the hearing, so that the 
motaia never come in cont.iot, and the friction, as has been slmwn 
by Osborne Reynolds, and others, is merely that between a 
solid and a li(|iiid, and depends solely upon the nature of the 
lubricant. It follows that the nature of the metal of which the 
bearing IS composed is iiniiiateii.il; but such pin feet adjustment 
not attained in actual ptacLiee, and the problem presents 
itself of finding a nudal or alloy siitlicieiitly plastic to mould 
itself to the shape of the shaft, thus aiiloniatically rectifying 
iniperfection| of ad|UBtment, and at the same time oft'cring a 
minimum of friction. The use of lead was first suggested, 
accerding to Thurston, by Hopkins; but this metal is too soft 
and easily deformed, and soon gave place to wliite nietal alloys. 
Apparently the mainifactiiro of these alloys was not entirely 
'satisfactory, for in 1852 Mr Nozo of the t.'ompagnie des Chemiiis 
de fer du Nord stated that they coiihl be used advantageously 
w'ith’small load and medium spceil but that for railroiul vehicles 
they were not satisfactory. Since the publication of this state¬ 
ment antifriction metals have been greatly unproved, and they 
are now very largely used. Mr Salomon, th* chie^ engineer of 
the Chemins de fer de TEst, has stated that the statistics on 
that railway have shown a decided advantage in favour of white 
metal over bronze; and Mr Chabal, the assistant engineer of the 
Paris, Lyon, Mediterrande Railway records that white-nietal 
bearings become heated* much less often than bronze, the wear 
also being less. 


841 


16 
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Since the introduction of white-metal bearing.^ an immense 
nuniher of so-called antifriction metals have been placed upon the 
market (some of which are given in the tables on pp. 2r)l-2Fi6), 
and it becomes a matter of importance to determine what are the 
essential characteristics of a good bearing metal and to what 
extent these antifriction metals possess those characteristics. 

In 1820 Rennie showed that the friction betweeti two bodies 
under prcssnro increases proportionately to the pressure until a 
certain point is reached, when the two surfaces begin to rub 
against one another, causing a sudden increase in the coeflicient 
of friction and consequent heating of the bodies. The pressure 
required to produce this sudden increase in the friction is greater 
with hard metals tlian witli soft, and, at the same time, the co- 
efficiont of friction is smaller with hard metals than with soft ones. 

The first conclusion we arrive at, then, is that ,i bearing metal, 
should be as hard as possible. But this conclusion assumes a 
perfectly adjusted hearing in which contact between the shaft 
and the bearing is perfectly nniforra -a condition which is rarely 
met with, especially in the case of a shaft supported by a number 
of bearings. If contact only takes place at a few points, the, 
result will be heating and cutting. The second requirement of 
a good bearing metal, therefore, is that it must be sufficiently 
plastic to adapt itself to any imperfections of adjustment. A 
combination of these two requirements, hardness and plasticity, 
can only be obtained by having a body consisting of small, l-ard 
particles embedded in a plastic matrix; and this result is most 
easily produced by alloying a soft metal, such as lead or tin, 
with one or more metals which form definite compounds capable 
of crystallising out in the cooling mass. This, in fact, is the 
structure of antifriction alloys; but much depends, as will be seen 
presently, on the size and number of the hard crystals 

For the sake of convenience, the bearing metals may be divided 
into five groups;— 

I. Alloys consisting essentially of tin, containing compounds of 
tin and antimony, and tin and copper. These form a very larga 
class. 

II. Alloys consisting essentially of lead, or lend and tin, con¬ 
taining 9 compound of tin and antiriiony. These alloys are 
largely used on accoupt of their low price. 



ANTIFRICTION ALLOYS. 


243 


III. Alloys consisting essentially of u solid solution of copper 
i^nd tin (or copper .md zinc), and containing cuinponnds of copper 
and tin, copper and phosphorus, etc 

IV. Alloys consisting essonti.dly of a solid snInMon of copper 
and tin (sometimes C'litaining zinc, nickel, etc), ,ind containing 
free leatl. These constitute an iinpoiiant class of iicarmg melals. 

V. Alloys other than tho>o di,-,crihed .»b"vc. 

Alloys of Group I.—In all the .illojs of tin, e.ippur, mid anti¬ 



mony in which the percentage of tin prcpondi'rates, only two 
definite compounds aro formed, viz. a confound of tin and’ 
antimony, which crystallises in well-defined cubes <and whi<'h is 
the same compound as that found in the binary alloys of tin and 
antimony. Its composition corresponds to the formula 8nSb, and, 
according to Cbarpy, it is less hard and less brittle than gure 
antimony. TheNJther compound is that found in the binary 
alloys of copper and tin,‘crystallising in hard needles, often forming 
stars, aud having a composition corresponding to the formula 
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SuCuj liotli these eompolmds can he seeji (m a polished surface 
of the alloy, but etching with hydrochloric acid renders tlioni, 
more apparent. IMiorograph 3.') illustrates the' structure of a 
typical hearing riietiil of thus type. 

Charpy has examined twenty alloys Of copper, tin, and antimony, 
and Ins results on the cnnipressive strength of these alloys, which 
were carried out on test pieces l.'i mni. in height and 10 sip nun. 
sectional area, are given in the following Uble, and are also plotted 
.in the form of a triangular diagr.im (fig. fi.o). 'I'he curved lines 
rcpie.sent the loads producing a conipreasion of 0'2 iiiillimetre. 


N'liiilicr 


Coin|iOhition. 

Ijoad corrcsjioiid- 

Load corresjiond- 
ing fo a douiprcs* 
Nioii ol 7*6 Him. 

Alloy. 

Tin, 

Copiier. 

Antimony. 

iijg to a Coiiijiros- 
smn of 0'2 nim. 

1 

60 

50 


Hioko witlnmt dc- 
foiniation. 


2 

66 

34 


2810 kgs. 

Bioke 

3 

75 

9.6 


9 onc „ 


4 

83 

17 


1325 ,, 

2000 

5 

88 

19 


660 „ 

1550 

6 

76 

8 

17 

2076 „ 

Bloke. 

7 

88 

4 

8 

875 ,, 

2268 

8 

50 

25 

26 

3760 ,, 

Broke. 

<) 

66 

17 

17 

2780 


10 

75 

12 -5 

]2'6 

1730 ,, 

, ,, 

11 

83 

8-6 

8 6 

1200 „ 

2560 

12 

88 

6 

6 

080 „ 

2650 

13 

75 

17 

8 

1780 „ 

2550 

14 

83 

11-5 

5 5 

1330 „ 

2750 

15 

88 

8 

4 

1000 ,, 

2475 

16 

60 


60 

2220 „ 

Broke. 

17 

66 


34 

1790 „ 


18 

75 


25 

1600 

2600 

19 

83 


17 

1000 „ 

2650 

20 

'88 


12 

600 „ 

2160 


' Alloys 1, 2, 3, 6| 8, 9, and 16 broke at the beginning of the 
cuinpression, mid Nos. 4, 10, 13, and 18 developed internal cracks 
before a compression of 7'5 mm. was reached. It follows that all 
these alloys are too hard, so that the line MN may be regarded 
as the limit of the useful alloys, and within this limit the alloy 
represented by No. 14 of the series has the greatest compressive 
strength. Alloys of approximately this composition are used by 
several railway companies for car bearings. Charpy states that 
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the l)eHt alloyn of this gioup should [irohahly not (lifVor from this 
composition by more tliiin 3 or 4 per cent. 

The method of castiu" ami the rate of cooling; of these alloys 
are of the utmost impiutanc^j;, an<l this subject has been carefully 
studied by liehteim and Haucko. They have .shown that the 
hardne.ss of the matrix of the alloy varies with the rate of cooliuj;. 
In a rapidly cooled bearing this portion of ih«' alloy holidilies with 
a greater peiccnlai'c of coppei and antmioiiy. a'\ni its haidiiess 
may reach ‘2, tin being I 7, while m a slowly cooled sample it 
may bo as low aa I "6. 

The size and number of the tin antim ns l•ly^^als also depends 
on the rate of cooling of the mass. In .-slowly coi.ltsl samples the 
crystals measure as mueh as O'b mm., while m chilled samples the 
crystals are small and imperfeutly formed and can hanlly be 
detected. Both tln-se structnreb are met with in bearings which 
liave become lieated \u service, whereas the structure of liearings 
which have proved satisfactory m service is intermediate between 
these two, the crystals being well formed and numerous, hut nut 
exceeding nun. 

As regards the proper temperature for casting, Belireiis and 
Baueke cast three experimental bearings one with a red-hot core, 
one with a coie cooled by running water, and one with a core at 
100” C. The first of these showed large tin-antiinony crystals 
nieasuring 0 5 mm., and tin-co[)[)er crystals tneasunng 0 2 mm.; 
tlie second showed the confused .structure of a chilled easting; and 
the third showed small tin-antniiony crystals measuring 0 25 mru. 
The three bearing.s wore then submitted to a practical test in the 
following manner. They wore turned so as to tit a jinlislicd steel 
mandrel 15 mm. in diameter, which was capable of being rotated 
at a speed of IGOO revolutions per imniite. The hearings were 
arranged so that the pressure on the lilocks could bo varied, 
and the rise in temperature was determined '9j means of therino- 
meters fitted into lioles in the blocks by soft amalgam The 
increase in temperature, after running for one mmnte with 
pressures up to 3 kilograms per sq. cm., was as follows:— 



0'8 kg. 

0-4 kg. 

0'6 )<K. 

»-2 kg. 

3 kg. 

Red-hot core . 

. •o-er, 

1-60 

1'72 

2-62 

4 64 

Cold core 

. 0-50 

0-82 

1-12 

I-.'IO 

3 80 

Core at 100 C. 

. 0-64 

0 64 

(J-74 

0-76 

1'64 
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At the end of the oxpcriinont the cliilled bearing showed irreg¬ 
ular grooves .and scratches, and the slowly cooled bearing was also 
badly scratched and grooved. The bearing cast at 100° C. 
showed the tiii-antiniony cubes partly rounded and the matrix 
surrounding them worn away, giving the impression that they 
might eventually be loosened and removed from their places. 
Evidently this actually occurs, for Behrens and Baucke submitted 
the oil from the bearings to a microscopical examination and 
found that it contained small spherical bodies like small drops 
of meroiiiy, wdiereas the oil from bearings cooled too slowly or 
too quickly contained angular fragments. As the result of these 
observations Behrens and Baucke conclude that in a properly cast 
hearing the brittle rods of the tin-copper compound are crushed, 
and, acting as an abiusive, loosen and round the rectangular tin- 
antimony crystals, the result being that the bearing becomes 
practically a ball bearing, wiili a rolling friction taking the place 
of a sliding friction. In a bearing which has been cooled too 
quickly the absence of the rectangular tin-antimony crystals 
prevents tho formation of these spherical particles, and in a slowly 
cooled bearing the large crystals are bgoken instead of bein*' 
rounded. 

A study of the causes giving rise to heated bearings has shown 
that, in addition to the obvious c.iuse of lack of proper lubrication, 
excessive heating is usually caused by; (1) defective crystal¬ 
lisation, due to tho cooling taking place either too quickly or too 
slowly, usually the latter; (2) the presence of dross or scum in 
the metal; and (3) segregation of the metals, duo to improper 
mixing or an attempt to alloy the metals in wrong proportions. 

Alloys of Group II.—Before dealing with tho triple alloys of 
this group it may be well to consider the simple alloys of lead and 
antimony, as they were formerly extensively used as antifriction 
alloys and their propeities have been carefully studied by 
Charpy. ‘ . 

It will be rememhered that lead and antimony give rise to 
simple alloys without the formation of any chemical compound. 
The eutectic contains 87 per dent, of lead and 13 per cent, of 
antimony, and on either side of the eutectic point the alloys con¬ 
sist of a single metal, lead in the one case and antimony in the 
other, surrounded by the eutectic. 
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Clurpy haH (letorminod tlic comprcf^sivc stuMi;^th of those alloya, 
nnd his determinations of the lo.ids cones|K)iul)iig to a purinancut 
sot of 0'2 mm. and 7‘5 mm in the o.l^o of puie load, pure 
antimony, and sevon alloys contaiiiing fium 10 to GO per cent, 
of antimony, arc given in till? following table ;— 


< 'omj)OMtion of 
Alloy. 

l,na<l C'lrrr-'iiniui- 
iiii't'ia I'fiiii.UK III 

Sot uf 0 2 mm. 

I.Dft'l ('nrri ^|Kii'il- 
iii'/ (ii '1 1'friiuiiiciil 
Si_'t '<1 7 6 mm. 

» Ri'iiiaiks. 


Kilo^iiiiiis. 

■ 

ImIiiJjiiUIIs. 


I’ineb.ol. 

100 

.60') 


10% iiiii iiiiMiiy . 

1)60 

liiOO 



c.'.O 

I 1.60 


^0 

Too 


Ilnilvp.it 1260ki;8. 

30 

770 


, IloO,, 

33 

SO" 


ll'iO,, 

60 

t'.'.O 


1 175 ,, 

60 

i060 


1)00 

Pure uuluuoiiy 



Ihi'kiMit 1160 kg8. 




wiilioiil Jinyivp- 




{ii'vinblo ciini- 




preijHion 


It will be noticed that the. comprcs'sive strength im roaHCB with 
the incR’iise of antimony until the eutectic is rcaelied. On 
passing this point, however, there is only a slight increase in the 
compressive strength, due, as f'liarpy points out, to llie fact that 
rtie antimony grains are isolated and merely tran''mit the load to 
the eutectic in which they are emhodded. Ihit ^vhon the antimony 
grains become sufficiently nnim rons to come in contact with one 
another they bear a portion of the loud and the alloy becomes' 
brittle, the brittleness incrc.ismg as the proportion of the [tlastic 
eutectic decreases. 

In the alloys composed of lead, tin, and antimony the only 
comjiound formed is that of tin and antiiu(fny. This compound 
is the same as that winch occurs in the tin copper-antiinony 
alloys, and it forms solid solutions with antimony. 

The results of compressive tests on ten of these alloys are shown 
in the following table, and the curves corresponding to loads of 
500, 750, lOOO, and*1250 kilogruns are plotted in the triangular 
diagram (fig. 66). Alloys possessing a greater compressive* 
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stronfith than 1250 kilograms were brittle, and Noh. 7, 8 , and 9 of 
the Hcrica tested were badly iTacked. 

Tin. 



Antiiiioiiy iiH'iciij)('8 the hardness ol the alloys, and should ndT' 
exceed 18 jier cent, if the alloys are nut tn be brittle. 






- — 



Coiupositiou, 


' 

IvOad rorrespoii'iiiigl 

No. of Alloy 

bl'inl. 

Till. 

Aiitiinoiiy 

tn a('uinpri’''''Kiii 

of 0‘2 iiiitt. 

to a CuiupressiiiTi 
of7-5iiiiH, 





Kilegmni'i. 

Kilogi.uii'. 

1 


100 


300 

Io60 

•2 

20 

80 


600 

1760 

3 

40 

60 


650 

1(76 

4 

60 

40 


600 

1400 

6 

80 

20 


476 

1160 

6- 

10 

80 

10 

1100 

2700 

7 

20 

60 

20 

1350 

2200 


40 

40 

20 

1150 

1826 

9 

CO 

20 

20 

ic:.o 

1700 

10 

80 

10 

10 

8o0 

1775 


Oharpy states that the alloys of lead, tin, and antimony are 
similar to those of lead and antimony; but, owing to the solubility 
of the compound SnSb m tho antimony, the addition of tin 
diminishes the hardness and brittleness of the hard grains and 
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also increiiKos the coinprcssivo stron^th of the outei'tic alloy For 
those misoiiM the alhn’'' of lo.'ul, tin. uiul aiitunonv are Mijirrior to 
those of lead and antimony ahum. The tin must ho present to 
the extent of inoro than 10 per cent., hnt nnf ti('(r,s<ard\ nuTe 
than -f) per cent, and the .uikinony may \at\ lielween 10 ami 18 
per cent. 

Tlie alloys of this j^ronp fioipn-ndy i;ive njimi if not 

superior to tln;si' ohi.uned with genuine I'aMntl inetal, hiu 
tronhles are occasionally encountered , and m an intereHtin^ jtapm 
reiui before the Amencan Society of 't'estin^; Malcnals, (Amch 
gives an account of a vahmlile research carried uiii m tlie works 
of the \Veslmt:honse Kleetrtc and MannfaetiniiiL' t'miipaiiy wilh 
the ol)ject of ascortiuning the reason of the he k of nnihniiiitv in 
re.snlta occasionally shown hv the lead all')vs 

Mechanical tests, Brinell tests, and a laige numhm of fiiction 
tests, both !u the laboratory and in service, wme made witliont 
throwing any light on the subject Finally, however, it was 
fonnd that a bamnii'r test gave tlie most leliablc nidic.itions of 
the b(‘haviour of the alloys m service A (lio[)-liaininer was 
^ 4 visod, and the test samples were prepared by casting tlie metal 
in a mould giving castings Ij ms. in diameter and in. thick, 
which were then turned to 1 in in (liameU-r and ^ in. thick. 
The tost Humple was subjeckal to repeated blows under the drop- 
hammer, measurements of the ihiekness being taken at frequent 
int^ivals. The results showed tiiat alloys of the same composition 
might prove either hard and Inittlo, soft and brittle, soft and 
plastic, or hard and (x>ugh according to the temperatures to winch 
they had been licated and at which they ha^l been poured. 
The conclusion drawn from the results of a large number of teats 
wa8*that the lead alloys were far more susceptible to the influence 
of pouring temperature than the tin alloys, and that the range of 
temperature necessary to give the best results was relatively 
small. For the particular alloy tested a temperature of 450' to 
470“ was found to give the best results 

Alloys of Group III. —Although these alloys are, strictly speak¬ 
ing, not antifriction alloys, they are largely used for bearings 
and other parts of machinery subject to frictional wear. Their 
constitution has alrefoly^been considered, and it is only necessary 
to repeat that in the case of the copper tin alloys containing more 
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9 pcT cont of tin the hani coiiipound SnCiig .separates out 
while III till' ciisii ol the .ilhiVH cunlainin^' phnh[iliorus, a hijrc 
eoiiipouiid iTuj, i-apaiMles otil and h>riiis a eutectic with th( 
Siilhi, It m {'vnh'iit. lhat. iIicm' alloys [) 0 ',se^s niiicli the naiiie 
fi'Hliih'sas the ether aiiliiiirtiim JIo^h, viz parlh-les of a hard 
coiiipeMiid I'liiheilded iii a sofiet matrix. In tiie e'>[)per-tni alloyn, 
however, LIm- niLtrix is a solid solution of tin iii copper and IR 
\i‘ry iiiucli liaider than the tin and h‘ad alhiy.'i, and it follows that 
the plaslieity of the euppm alho^ is veiV iiilViior to that of the 
true aiitil'ne.tmn alhos 

Chaipv ^ovi's the followin'' n'Milts of comph'^Mnii tests on some 
of the enppoi (in allovs, tte^i'thor with ilieir aii.alises A cum- 
pies'K.n of 7’h mm , a^ in the tests on the other allovs alh'ady 
quoted, was not p! ,ie! kvi hie oil aecoiiiit of liieeieal')- hlld 1 le^snf 
tliealln\>, lull e<iiiip,ii at i\e losull s weio Mlitamed h\ iii'asiirili'; 
the eoiiiiirosMoii pniilui'tsl h\ a lo.el of .otlDii kilo'cr ims 
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Alloys of Group IV. .\llu3b Ui e-o[ij>er and tin cuniaiinug 
O'hitivelv laije tjiianlilies of lead lia',<' leeioilv hem l.uaidy 
used as autitMetion meials, and ate fieqU'ntl\ known is/■/■/,s^ic 
lih'iii'S ['he h'id. wliieli m 13 leaeli a^ miieli as dO per cent, 
dues not alloy wdh the coppei, hut separates out m the form 
of ulolmles. which oueht. it the alloy is piopiudy ini.xed and 
east, to he iinitoimlv distiliaited tliioiighoiil the nia''s of 
the .allov The cuiistitailion of these alloys diller.s somewhat 
from other anlifiietioii .dlo\'-. for, instead of hard ]iarliel<‘' em¬ 
bedded in a sott matrix, we have soft panicles emhujded in a 
comp:irati\ely hard inatiix The addition of lead nicn'a.ses the 
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<jf till' i‘Mn*;tifu» 111 lius all I 111 purl all I intlin nci - nn i ln' pi i iprri h ' ot 
tiu' bldli/c 

^IkiI otrijpli ]'• slidws a plidsplmi-hrmi/d I'dnl-Uiiiiit.' t' nl, 

UllCtdlli '1 'I'llf ll,ll(l COIilpnlllMU •'Ill'll, JIImI I’Cip I .III In ill' 

flii'tl) Hi-cn staiidiiiL' III n ii-'f, inii nm-.r <if tlif li-ad li.t' I" mi 
torn out in t' 4 <‘ pior.’^^ oi polidnii ■ l'■l'-lll^t J’lH vvliirli app* n m 
black dota 111 till. piii>o« :i iph 

ddff' additmii of a 'mail ipi.iniiU of nirkr] w 'iid lo riijlilr 
fv laiLO-r aiiioiiiif oi i'ad to be addi il lo the laon/i \mi 1’'||I 
catisillii '|'0| eirat ion '1 liese ino|i/i' ale lio'a lailjely U'ld in 
America, and 1 oiilain H.'^nneh a' .'iO pel .int of lead and ! pei 
rent, of nn-kel d’he pan placed l)\ ihe niekel has H 'l In eu 
fiillv explained 

In mldition lo the alloys alre-id\ d. air witli, tlicie are e.Ttain 
hIIovs of /me, till, and aiillinoin. wlmdi are ii'i d for “^peeial 
purposes, and al'o atloyw of leati. enjiper, aiur antii^iony. wbieli 
are occasionallv l,•|llplo\l d as anlifriction rnelal' Tin alloys of 
zinc, tin, and antiinony po-se^s a biudi conj[ir<'sive Htieijetb, a' 
shown by C'haipv’s tii^ures ^iven m the table fp 252), and they an- 
employed for InmniiLM of nendnnci}. such as rockdm akein, 
ulierc'treiiL'tb I'of inoiV importance than perfeet antifni-tiona! 
qualities 
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Zitic and tin do not unite to fortn dc'linito eonnHiimds, but 
zinc and antimony combtiie to form a hard oompomid, winch 
(diaipy c’""cribe8 as an antniioiiMc ol /me 

Tim uBofm "s arc those nch in zinc, iii which I ho hard 
conifiound is the ' rst to solidify. 

'I’ho alloys of load, copper, and anlimonv have t'haractevislicS 
similar to tho other aiitifi iction alloys The copper unitob with 
the antimony to form the hard violet eolonrcd eompoiind 
part of wliich crystallises m needles and the remainder enters 
into the composition of the euteetio. The allo\s should contain 
from IT) to 25 pi'r cent, of antimony an^l not mure than 10 per 
cent, of copper. The results of some compressive testa on these 
alloys are pvon by way of comparison (p. 253).' 

Alloys of aluminium have from time to time been sugj^est^xi 
for use as beariii^^ metals, and it is said that the Northern lUilway 
of France n^ses an' alloy of 92 per cent, aiiinnnium luid 8 per cent, 
copper for carriage and waggon bearings with excellent results, 
Hughes, however, states that experiments with this alloy carried 
out on the l^iicashire and Yorkshire Railway have not proved 
satisfactory, tho met4\l proving hard and brittle, and considerable 
labour being involved in properly bedding the bearings to the 
journals. 
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Aliuiuiiiuiii the I'xleiil <i}‘ 5 {)ur ctMil is hOiii' tiiiu'K juldrd to 
the zinc alloys and adds considerably to llo'ir liardnoHS 

As regards the relativo merits of white nictal and bronze 
bearings it is freti'iently stated that wlnte tnelal is superior, and 
some writers have brought for\\ar<l cxperiinentnl uvideneo to 
pTcJTe their Btateinents 

Charpy says that brimzes appear to bo inferior to white iiietalH 
on account of their lack of phisiuity an<l thoir tendency to 
cutting; and mi conneetion with railuav axle hearings the sunic 
opinion has been expn^ssed, as already mentioned, by Mr Salomon 
and Mr Chabal. On the other ham!, Mr Clanier states that 
railway engiiiceis only recogniM.‘ two alloys as standard, viz. 
phosphor-bronze containing lead, and oidinary bronze containing 
lead. General comparisc^is are always dangerous and freijuently 
misleading, and the truth of the nmtler would seem to he that 
white metals and bronzes each have their particular uses for 
w'hich.they are best adapted. In cascB where accnniey of 
adjustment is iinjKisaible, as in the case «if a lon^ shaft rcquiiing 
several bearings, or where variable forces come into .play with jx 
tendency to irregular wear, as in the case of railway bearings, 
the plasticity of white metal is an invaluable property. On the 
other hand, where accuracy of adjustment is possible and the 
rotary motion rei^ular, plasticity is of secondary importance, and 
bronzes give results in practice which leave nothing to be desired. 
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CIIAPTICn XIII. 


ALUMINIUM ALLOYS. 

With the intiudin tion of ulootncal nieduKlsof 
and tlio oiibcqik'nt production of tlio metal in i]u;iiititn‘« and at 
a price siilliciontly low to brintc it within tlio spli(3io of practical 
utility, uttontioh ua> dirortod t4) thu alloys of alunnumiii with the 
object of lindiiig light alloys which would bo atrongcr and more 
easily woikod than the pure inclul Those attoniptH, however, 
have not mot with very muike<l succcbs, and few of the light 
alloys have proved of any industrial value. The 
reason of this is to bo found in the fact that aluminium unites 
with most of the common metals U) form definite chetni<;al com¬ 
pounds whii'b crystallise out in a matrix of practically pure 
aluminium, and we know that alloys with conglomerate structures 
of tMs description are only useful in special cases. Such com¬ 
pounds are formed with iron, copper, nickel, antimony, manganese, 
and tin. Zinc, on the other hand, forms solid solutions with 
aluminium, and the alloys of these metals, oitlier alone or more 
often with small additions of other metals such as copper or 
magnesium, are practically the only ones of industrial importance. 

Alloys of Aluminium and Zinc*. The constitution of those 
alloys has been studied by Hoycoek and Nevj)lo, Shephord, and 
more recently by Roeenhain and Archbutt, whosojequilibrium 
dif^rarn for the complete series of alloys is reproduced in fig. 67. 
The microscopical examination of the alloys confirms the evidence 
of the e(piilibrium diagram that at oneondof the series the alloys 
containing lees than 40 per cent, of zinc are single homogeneous 
solid solutions, and they are therefore the only ones of practical 
importance. Those containing up to 15 per cent, of zinc are soft 
2b7 17 
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ciiDii^'li lo 1)0 rijllod or 


ruivn, wliilc l)()Von(l thi.') amount the 
alloy.') aro hard and mere 
suitable for castings, as 
they are ea.sily worked. 
It is only within recent 
years that the price of 
aluminium has enabled its 
alloys to be used on a large 
scale, but the importance 
of the alloys with zinc has 
long been recognised, and 
for many years they have 
been employed in the con¬ 
struction of scientilic in¬ 
struments whore lightness 
IS a consideration. One qf 
these alloys has been manu¬ 
factured for iimiiy years by 
Carl Zeiss of Jena, and is 
known under the namon^f 
Ziskon. Cast in sand, it 
has a specilic gravity of 3'4 
and an iillipiate tensile 
strength of 11 tons per 
sq. in. and is largely* used 
for parts of scientilic instru¬ 
ments where lightness and 
a .considerable degree of_ 
strength are required. As 
regards its haidiiess' and 
the ease with which it can 
be worked it is somewhat 
similar to bronze. 

A soft alloy with pro¬ 
perties similar to that 6i 
brass as regards working 
is also made by Zeiss of 
Jena, and is known under 
the name of Zisiuiu. This alloy contains a very much smaller 
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percontago of zinc, together witli flumll quantitjcK of tin aiui 
copper. It is lighter than Ziskon, having a speeilio gravity of 
2'95, hilt has a tensile strength loss tlian liaU that of Xiskon, 



viz. ^ tens per sq in. Perfect seroa tlireiwls can hu unt on 
the alloy, and it is used in parts of instninients wliero a ceilain 
•ar*oiiiit of <lii>‘tility rather tlian streiigtli m desirable. 

Tlie ineelianical proportie.H of the pure alummuini /.iiio alloys 
have been investigated at some lengtli by Kosonhain and Aicldmtt. 



and the results of their tensile tests are given in the accompanying 
curves. Fig. 68 gives the results of tensile tests on sand castings, 
and fig. 69 the corresponding tests on chill castings Fig. 70 








260 


ALLOYS. 


shown the ciirvoH representing testn oil hot rolled liars 1^ ins. in 
dnirneter of the alloys containing up to 26 per cent, of zinc, and 
fig. 71 the results of tests on cold drawn bars ( | ins. in diameter. 

Willi more than 2.6 percent, of zinc the alloys are oitromely 
hard and dillienlt to roll. It is, however, in the form of castings 
that those alloys arc principally om|iloyed, and the motor industry 



accounts for a large proportion of the total output. For, tins 
purpose the perceptago of zinc seldom exceeds 20 per cent, and by 
far the largest quantity of castings made conbun about 10 per 
cent, of zino. A small quantity—2 or 3 per cent.—of copper is 
usually added, as it improves the working qualities of the metal. 
A common inixtnro fbr gear cases, etc., of motors contains approxi¬ 
mately 88 per cent, of ahimniiiim, 10 per cent, of zinc, and 2 per 
cent, of copper, and has a tensile strength of 8 to 10 tons per 
sq. in. 
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The HlUiva of (ilmmniuni iiiid /.me exliiliit the plieiionieiion, 
ooninion to mo.u of the aliiinmiiini iilluvs, of Altlioiij;h 

much Ic.'ie markiHl tlmii iii iiiuuv of tlio nllovs, it is, however, 
noticeable timt whereas a fresii eastiiii' is ditlieiilt Ui iiiueliiiie 
owing to the iiietiil ‘‘drageiift;!” the .suino casting afler the l(i[wo 
of a few weeks can he nuichineil as easily as brass The ehaiigo 



appears to be accompanied by a slight increase in the tensile 
strength of the metal, but there is no tendency towards disiiitegra 
tion as shown by iiiaiiy of the alloys of aliitiiiiiiiiiii with other 
metals. 

Magnaliuin.t—Alloys of aluminium and magnesium were 
prepared by Wohler as long ago as lb66, and by I’arkiiison in 
1867. The latter observes that “ none of the niagiicsinin-. 
ahimiiiinm alloys proSiiae any practical service in the arts." 

' F»t(nn;d Is98, No. l’^^878. 
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Untortunfvtcly, both these experiinonters appear to have chosen 
alloys with liinli |i(‘rcent:i|,'e8 of both metals, and it was left 
to Dr iVhudi to discover that small percentages of inajjiiesiiim 
improve to a very marked degree the mechanical properties 
of alomimiim. Dr Mach experniUmtod on alloys containing 
10 per cent, of magnesium; but magnesium is an expensive 
metal, and, as a matter of fact, commercial magnalium contains 
very mnch less than this amount. The cost of an alloy con¬ 
taining 10 per cent, of magnesium would bo, for all ordinary 
purposes, prohibitive. 

Boudouard hasdotornnnod the free/.ing-pointsof the aliiminimn- 
magnesium series, and Ins results indicate the c.xisteiice of two 
compounds corresponding to the forinulio AIMg and AlMgj. 
Tho existence of these compounds is confirmed by the micro¬ 
scopical e.xamination, and they have also been isolated by chemical 
iiioans; but it is interesting to note that the microscopical ex¬ 
amination reveals another compound correspondnig to the formula 
AljMg, which has also been isolated by ohcmieal means, although 
its existence is not even suggested by the freozmg-poiut curve. 
It may be that tins is yet another example of mutual solubility w 
isomorphism of a com[K)iind with a metal. 

As regards the general properties of the alloys, those containing 
more than 16 per cent, of magnesium at one end Qf the series 
and those containing more than 16 per cent, of alumininm at the 
other, are all bnttle, the maximum brittleness being reached with 
the alloy containing 60 per cent, of each metal, which can be 
crushed between the fingers. 

It has already boon stated that commerijial magnalium contains 
only a small percentage of magnesium, and, although a large 
number of alloys are manufactured and sold under the name of 
magnalium, few of these, if any, appear to contain more thp 2 
per cent. On the other hand, they all contain a variety of other 
metals, more fspeoially copper, tin, nickel, and lead. 

The importance of magnesium as a deoxidiser must not be over¬ 
looked, for it is even more readily oxidised than alumimiini; and 
its beneficial influence on aluminium is in no small degree due to 
its power of freeing that metal from dissolved oxide. 

The three magnalium alloys most co'nnnonly used in this 
country are described by the nmkcni.as X, Y, and Z. Of these, 
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X is intemloii solflv for o,,stniLf’^ uImti* stH'ii;:th i> of niinmrv 
iwiportanco , V i'< u^o(| fur oiilm.iry . airl / i.''intfudisl 

for rolling: Jind draw iiitr. 

Ah roLfanU all<iv \ it lia'i hoi-n Htatoil hy l^unctt that it 
contain^ I Tl! per ccTit ru[>f‘*i. I’lt) per '‘'iil imki'l, I t)0 p(‘i 
cent inaiTiK'-'MiiM, and sinaH (piaiitilu's of antiinuny atid iron. 
Pholot'iapli'i dd and d7 nhow tlie inicio^tmcttiro uf (Ins alloy. 

Alloy Y iH >oiii4‘\vl)at vnnilar in (smipoMllun. e\.-.'pt ihiit it 
contains no niokol, hut binal! <|ii,iulnu's of tin and lead 

Alloy Z contains d 15 p<‘r <N'nt of (in, 1>‘2I pot ri-nl. of copjH'r, 
0'72 per <;ont of lead, and 1 per (‘('iit of in i^oitMinni 

I'he ton.silo st 1 li of ordinary caslinos willi alloy Y vaiios 
from 8:^ to tons per s-j m , and that of rolled samples of alloy 
Z vanes from li to 21 tuns per si] in 

The alloys wttrk well, and cxeellont seiew threads can he cut. 
The speed of wurkmo is ahont tin* same as that of hras'', and the 
tools should he lul)neatod with Inrpentnn*, vasriinc, or pelrolonm. 
Alloy Z IS e\c('<*dmoly ductile, and can be spun and diawn into 
the finest wires. For these operalionH vasidino or a nnxtnre of 
l^fiart slearme and 4 paits turprnlme has been found suitahlo. 
In drawing tubes or wire the alloy must ho annealed hy lieating 
and cooling suddenly Slow cooling piodnces haidening. 

For rolling, magnalium Bhould he lie.iteti to a tempi'raturo 
of 35u*, and the t-oinperaturo of (he rolls kept at altout 100“. 
Aiiriealing should take ])lace after every second pass. 

With reference to the nilluence of heat treatnienl on these alloys 
it is of some intere.st to notu that although (juenehnig liaH the 
effect of softening them, tho softening is not permanent. It is 
followed by a giaduai hardening which may continuu for several 
hours before the luaxirmim hardness is reached. 

With regard to the casting of alloys X and Y, tlio metal 
shoSld be melted at as low a temperaluro as possible (about 
660*) under a layer of charcoal, and the scuft carefully removed 
before jxmring In making tho mould the sand should not be 
rammed so closely as for brass castings, and it is rccommeiidcsl 
to mix the sand with a tenth part of meal in order to allow free 
escape of gases. The facing of the mould should be treated with 
blacklead, French cbai^k, or petroleum and lycopodium [wwder 
14.61411 moulds are also suitable, if |K)liKlic‘d with blacklead 
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Maffnaliiim contracta considerably on cooling (from 2 to 4 per 
cent.), and to insure good castings it is necessary to have a good 
hea<i of metal and largo gates and runners. 

Magiialium can be soldered, but the operation is difficult on 
account of the high conductivity fa' heat of the alloy as well as 
the difficulty of obtaining a surface free from a film of oxide. 

In a paper road before the American .Society of Automobile 
Engineers, Mr Morris Machol recommends the use of magnaliuni 
for the cylinders and pistons of petrol motors. Ho claims that 
the alloy is sufficiently strong .and has the addilional advantages 
of light weight, low coefficient of friction, and high thermal con¬ 
ductivity which prevents over-lieatiiig. 

Magiialium is very little affected by dilute acids, and can be 
employed with perfect safety for the maimfactiire of cooking 
utensils and all culinary appliances. 

It is evident that magnaliiim is eminently suitable for a great 
variety of purposes, and there is no doubt that its price alone 
prevents it being more widely used. 

Aluminium Copper. —Alloys of aluminium and copper are used 
to some extent; but only the,so containing small porcentage8,of 
copper are of any industrial value. Those alloys have been used 
in naval construction, particularly in France; and in 1894 a 
torpedo-boat was built in this country by Messrs Yarrow and Co. 
for the French navy, in which the hull was composed of an alloy 
containing 94 per cent, of aluminium and 6 per cent, of copper. 
The excessive corrosion of this alloy by sea-water, however, has 
effectually prevented any further trials. In the automobile 
industry alloys coiitainiiig 3 to 6 per cent, of copper are some¬ 
times used. 

With regard to the constitution of the alloys, the equilibrium 
diagram of the entire series has been given in fig. 56, and it ia 
only necessary to -eay that the addition of copper to aluminium 
gives rise to a hard eutectic consisting of aluminium and the 
compound Al^Cu, which freezes at a temperature slightly below 
660" and separates between the crystals of pure, or practically 
pure, aluminium. The oomprossivo strength is therefore 
increased, and the alloys are more easily worked than pure 
aluminium. ' 

The curves in figs 72, 73, and 74 are plotted from the results 
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of tests by Carpenter and Rlwards and show the mechanical 
properties of the alloys in the form of slind castings, rolled bar*, 
and cold-drawn bars res|)cetively. From these results it is 
evident that there is no advantage in adding more than 4 |)er 
cent, of copper, as beyond this poinHherc is a decrease in ductility 


Tons 



without any corresponding increase in tenacity. The alloys do 
not contract on cooling more than aluminium, and they appear to 
be practically unaffected by heat treatment below the melting-, 
point of the eutectic. FigS. 75, 76, and 77 show the results of 
tests on chill castings and also on sand castings slowly cooled and. 
quenched from 450". ' . ■ 

An alloy under the name of Partinium has been found on 
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analysis to contain aluminimn copper 7'36, r.inc 1'67 

sHicon 1'14, aixi iron 1*31 per cent. 



3 4 6 8 > 

Fio. 76.—Tensile Tests on Send Castings, slowly cooled from 460“ C. 


Aluminium and Nickel. - Nickel is soniotiincs added to 
lluminium as a hardening agent in place of copper. It is 


Per 
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iinnccCHsary to consider the constihition of the nickel-aluminium 
aerji.fi in dctfiil, as only those alloys at the extreme end of tfie 
series are of any practical value. Tliese alloys contain less than 
6 per cent, of niekel, and eonusl of crystallites of a hrilllc com¬ 
pound, I'oi re.spoiiding to the foiiiiiifa"Ni,\l„, emliedded in piactically 
pure iiiuiiiiiiiiiin. 

The ell’eet of nickel on aliiininiiim is tliercl'ore very similar to 
that of coppe.i'. Occasionally nickel and copper are hotli added 
to aluminium, but it is doubtful wliethcr any advantage is 
derived from tliis procedure. 

The tendency at the present time is to use coniple.x alloys 


Tom. 



containing small percentages of several metals mther than simple 
binary alloys, lino of tlieso complex alloys winch lias attracted a 
good deal of attention is known under tlie name of Duralumin, 
and is said to contain 3-6 to S-f) per cent, of copper, 0-5 to 0'8 
por'cent. of manganese, and 0‘.0 per cent, of uiagncsiun^ An 
actual analysis of a .sample gave 1 06 per cent, copper, 0.53 per 
cent, inanga.ieso, 0’86 per cent, magiiesmm, 0'40 per cent, silicon, 
and 1’.55 per cent. iron. 

The annealed alloy lias a specific gravity of 2'79, and a tensile 
strength of over 16 tons per si) in , willi 17 per cent, elongatiomon 
2 ms. In tho form of thin sheet obtained by cold rolling the tonsils 
strength imohcs as much'as 31 tons persq. in., witli an elongation 
of 3 per cent In addition to the hardness imparted by cold 
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working, duralumin may also ])e hanIiMH'i) hv heat treatment. 
If*the alloy is lieated to a temperature hetueeii 410" ami 500* and 
•juonehod it romaina aoft^ hut Hubsequently liardens, an already 
mentioned in the case of the aluminium-mafrnesium allovs Tfie 
maximum hardnnsH m roachod^aftor t)ie lapse of al>out foMv eight 
hours. By this means tlie alloy has been olitamed with a teiihilo 
strength of nearly 40 tons per sq. in. 

' The hardness obtained hv heat treatment, ho\\ov(ir, is to some 
extent removed at compiu.itively low tumperatnres, and this must 
betaken into account in tiiu practacal u[»plicationH of the alloy. 
For example, Lantslxm-y statois tiiat a sample of sheet wlui’li liroko 
at 29'4 tons per sq in. was hoilod in water for four honrs and was 
* then observed to break under a load of 26'1 tons. After annealing 
for half an hour at 260' this was further reduced to ‘22-9 tons. 

From what has been said of tlu- ageing, <ti slow change, taking 
place in alummmm allovs it is evident that this propisrty is 
intimately oonnooted with the alnmininm itself, the metal with 
which it IS alloyed merely serving to retard or aeeentuato the 
change. For e.xample, the alloys of abnmninin with iron, nioko), 
*oobalt, manganese, etc , in which the^e nietils are present in 
relatively high percentages usn.dly fiorn 25 to 50 per rent. - 
will, in the course of time, disintugrato and fall to pieces without 
the applieatKVi of any external force. It is [)rubably the same 
change which causes the hardening already noticed in tlie 
industrial alloys. 

The autlior has suggested that this alteration in properties is 
probably due to an allotroph- change in the alnininnun induced 
by the presence of impurities, and tln-re afipeais to bo some 
ground for this belief Cooling curves of aluininmm to which 
smalfquantities of metallic impunlies have be'*n added show a 
decided evolution of heat Uiwards the end of solidification which is 
not due to the solidification of a eutectic, is not proportional to 
the amount of impurity a<hled, mid occurs at a consti'^it tempera- 
rture. Moreover, Turner and Murray have shown that aluminium 
eipands'on solidification, a property which, although not necessarily 
proving an allotropic change, at least indicates a molecular 
•rearrangement. Whether it will over be possible completely to 
control these changes remains to be seen, but the introduction of 
such alloys as duralumin appears to be a step in the right direction. 
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ClIAl'TKIl XIV. 

SILVEE AND GOLD ALLOYS. 

Silver Alloys. 

TnK iilldyR of Hilver with coppor m;iy alone he saiii to have any 
injporlant nifiiiBtrial applications. Kroin lime to time niaiiy 
other silver alloy.s have been suggested; lint none of them have 
taken the place of the well-known silver-copper alloys. The 
importance of these alloys may he realised when it is rememhered 
•thaj the average weight of standard silver articles, hall-marked 
at the Assay Ollices of Eirminghain, Shcllield, and Chester alone, 
during the last live ye,am amounts to 6,0.37,214 uz., or nearly 
225 tons ; and it has been estimated that the amount of stanilard 
silver melted annually in the United Kingdom is close on 700 
tons. 

The constitution of the silver-copper nlloys has heeii thoiouglily 
investigated by Roberts-Austen and Ileycock and Neville, and 
the results of their re.scarchc8 are plotted in the frecziiig-ixiint 
curve shown in fig. 7H.* It will be seen that the metals form a 
simple seiies of alloys with a eutectic containing 71'9 per cent, 
of silver and melting at 778°. This is the alloy which Levol in 
1854 ‘considered to be a definite compound on account of its 
remarkable homogeneity. 

The alloys of industrial importance are few in nnmher, and 
contain.not less than 80 per cent, of silver. The following table 
shows the composition of the silver standards used for coin and 
for plate in different countries;— 

' * The extent of the line representing the eutectic has not been accurately 
determined, but it should be much longer than that shown in the disgrsm. 
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Coinage. 

Plate, 

Country. 





Denomination. 

Fineness. 

Finensss. 

A^istria-Hungiu-y .... 

6 crowns 

soo 

050 


1 Clown 

835 

900 

I'l !> ... 

Thalor 

833i 

800 

MO 



760 

Belgium 

.^1 francs 

900 

900 

M ..... 

2 and 1 franrand 

835 

800 


50 I'ontimo', 



Bolivia. 

1 boliviano 

900 


Brazil. 

2 milreis 

916-6 


Bulgaria. 

21 lew . 

835 


Chih . . ... 

1 peso 

900 


Denmark . ' . . , 

Crown 

800 

8>6 

Egypt . 

10 Piasties 

900 


France . 

,5 fiaiics 

900 

950 


< )thers 

386 

850 

Gemiiiny. 

Maiks 

900 

800 

Greece . .... 

5 drachiiiHS 

900 



Otliera 

836 


Great Britain .... 

All 

925 

925 

. 



960 

British Colonies— 




Canada and Newfoundland 

50 ceil lb 

9-26 


Austialusia .... 

Shilling, etc. 

925 

...* 

Hong Kong A Straits Settlements 

Cents 

800 


Holland. 

Florin 

946 

934 




838 

Indio (Binnia, Ceylon, and Mau¬ 




ritius) . 

Rupee 

'015-6 


Italy. 

6 liras 

900 

960 

.. 



900 




800 

Japan . 

Yen 

90o 


Mexico. 

Peso 

902-7 


Norway. 

Kronor 

800 

828-1 


50 oPj 

600 


Peiii. 

Sol 

900 


Portugal .... 

6 testooDi 

916-6 

916-6 

833 

o ..... 



800 

Roumania. 

b leys 

900 


Russia . ‘ 1 ' 

Rouhic 

900 

947-9 

M • » .... 

Kopecks 

600 

916-7 


Switzerland 


b dinars 
5 pesetas 
2,1, and peseta 
2 and I kroner 
50 ore 
5 fraira 

2, 

20 piastres 
All 
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It will be bccu that an alloy con¬ 
taining 90 per cent, or 900 parts of 
silver per thousand is most generally 
adopted, while the Rriimh standard 
oontains 92’5 per cent, or 925 parts 
per thousand. It should be mentioned 
that tho comjiosition of silver ami gold 
alloys is seldom expressed in per 
oentages, but in paits pur thonsaixi. 
Thus an alloy of “925 tine*' Bignihes 
an alloy containing 025 parts of tim- 
or pure silver per thousand. 

Sterling silver was first defined by 
a statute of Edward I., and must 
contain 11 0 £. 2 dwt. of fine sdver 
and 18 dwt. of copper to the pound. 
The word “sterling” was apparently 
derived from the Easterlings, or work¬ 
men who came from (Jermany, and who 
• we 5 p the lirst to make and work the 
alloy in this country. Stow says in 
his Survey of Lumiim, pubfished in 
1603: “ liut^ tlio money of ICnglaiid 
was called of the workers thereof, 
and IP tlie Eislerlmg pence took their 
name of the Easb'rlmgs, which did 
first make this money in England in 
the reign of Henry 11., (^nd thus I set 
it down according to my reading in 
Ant/^uitio of money matters, omitting 
the imaginations of late writers, of 
whom some have said Easterling 
money to take that name of a starre 
stamped on the Wder or ring of the 
penie:‘Other some, of a bird called 
a stare or starling stamped on the 
circumference, and others (more un¬ 
likely) of being coined Stiruelin or 
Starling, a towne in Scotland.” 
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Tlio histoiy of Cha'coinage standard has been well described by 
Koberts-Austcn, and wo cannot do hotter than quote his own 
words 

“ Anglo^Saion and Anglo-Norman coins are believed to have 
been of the ‘old standard’ 926,'and a coin of William the 
Conqueror which I assayed proved to lie 922'8. In England 
this old standard appears to have reniaineil unchanged until the 
thirty-fourth year of King Henry VIII., when a great fall took place. 
A still deeper fall in the standard fineness ensued in 15.15, and 
again in 1546, and'in the reign of Edaard VI. It fell to its 
lowest point in the foiiith year of the latter monarch, when the 
pound of silver contained only 3 or. of fine silver and 9 or. 
of base metal, that is, the standard, expres.sed deeiinally, was 
only 250. .Strangely enough, this base coinage was projected with 
a view to secure by the transaction the sum of 41160,000, to be 
devoted to the restoration of the standard goncrally. Half this 
sum appears to have been actually obtained. As a step to the 
withdrawal of the base money, it was almost iiiiiver.sally decried, 
that is, the coin which had been current at rates far above its 
intrinsic value, was officially reduced to a value nearly correspend-*' 
iiig with its standard of fineness. Dreadful distrcs.s was caused' 
to the people, and the saddest pictures are drawn of the financial 
condition of England at the time. In 1552 the ptandard was 
restored to nearly its original richness, as coins containing 11 oz. 

1 dwt. of pure metal and 19 dwt. of basl* metal, or standard 921, 
were issued, and this alloy was maintained by Queen Mary. Queen 
Elizabeth further coiitributod to the restoration and maintenance of 
the standard fineness of the coin. A proclvnatioii, dated September 
27, 1660, stated that 'her Majesty, who, since she came to the 
throne, never gained anything by the coinage, nor yet ever chined 
any manner of base monies, for this realm, had begun a coinage of ■ 
fine money in the Tower of London.' Notwithstanding the 
Queen’s effprts tb restore the coinage in Eiiglitnd, the coins 
circulated in Ireland were deplorably low, as the pound only 
contained 2 oz. 18 dwt. of fine silver, and 9 oz. 2 dwt. of 
copper (that is, the standard was only 241). 

"The restoration of the standard of the silver begun in the 
reign of King Edward VI. waS, howevSr, completed by Queen 
Elizabeth, and it has not been since debased.” 
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Th« staiifiaitl for pinto w.it* raised in lOPli to 11 ui. 10 dwt., 
Oft 950 tine, in order In |'r«*V(‘nt llie mol'iit;; <*f fonn for collvrr^lon 
into plate; lint the allo\ ]>iove<l loss dm ibh' and s(‘iviec.ihle tli.'Ui 
tho old standanl, to which a return uas iii.ide m 1097 Both 
these atand.irds aro in exiaiifiio at the pre'^ent time, hut the 
purer alloy, \s Inch H known as But mni.t standard from the hall¬ 
mark represeiuinj; the “figure ol a woman eimnuonlv ealliKl 
Britannia,” isscddoin u^-d e\<-ept fur \ory line \mii k .uul complicaltMl 
designfi, vshere ite greater >of(uevH is an a<lvaiitiioe. 

The assaying and hall-in.irking of sl.mditrd Hilver is earned 
out at antliorihiHl “Assay Olliees’^ in Londot), Bimnnoliam, 
Sheffield, Chester, Kdinhnrgh, (Ilas^ow, and l)nl>liii, and the 
marks nsuaily found mi silver are a Inmi l^(^•.lla unlieating the 
standard of 925. tin* initials of tin* inakci, tin* \«'ar of assay n pri* 
sented by a letter, and tlie boialdte arm^ of (he pla< o <.f assay. 
The herahhc arms of the dilTermit Assay Oflii'e-, are as follows:— 

I/uidon -the iieud of a leopard. 

Birmingham—an anchor. 

Sheffield - a crown. 

Chester - a sword between three -arhs. 

Ediiihnrgh—a ea->tlc, aiul the Hlmidanl lejireH'iitcd by a thistle. 

Glasgow - a tree growing out of a mount, with a hell pendant 
on the sinister branch, and a hr 1 on tlie lop Itranch, over the 
trunk of a tree a salinmi in fe-sse, and m its mouth an annulet. 
The siandard is also repre-ented by a lln-ile 

Dublin—the^tsindard 925, and place represented by a harp 
crowned. 

Standard silver is harder than the pure metai, but is sufficiently 
malleable and ductile to be rolled into thin sheets and dnvwn 
into^ine wire. At the same time it is perfectly ahite, and takes 
a tine polish These properties make it admirably 8uite<l to the 
purposes of coinage. Unlike most of the malleable alloys, how¬ 
ever, it IS not a homogeneous solid soliUion, afld th^ is perhaps 
iU greatest drawback, as it is practically impossible to obtain an 
ingot of uniform com|)o.sition owing to liquation. This has been 
a very serious difficulty in the production of the Standard Trial 
Plates against which the coinage of the country is ultimately 
tested. As far back &6 1781 Jars suggested the use of hot 
moulds for this purpose, and in 1873 Iloberts-Austen obtained a 
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fairly uniform mass by extremely slow cooling, Matthey, in 
1894, ado|)ted the method of casting the alloy in the form of 
thin sheets, and attempts have also been made to cast the alloy 
at a temperature very sliglitly above its melting-point. Number¬ 
less experiments have been miit/ from time to time, but 
none of them have proved entirely satisfactory; and the method 
finally adopted has been to cast an ingot considerably larger than 
required, which is rolled to the proper thickness and a number 
of assays made from different parts of the plate. A piece is 
then cut out of the plate where the lussays are practically uniform 
and of the correct standard. A lack of uniformity is found in 
all standard silver, although it is, of course, not of so much im¬ 
portance as in a trial plate. For example, a live-shilling piece, 
whose diameter is almost the width of the fillet from which it is 
cut, is richer in the centre than at the edges; while with smaller 
coins, such as a shilling, where two coins are out in the width of 
a fillet, the edge corresponding to the centre of the fillet is richer 
ill silver than the other edge which corresponds to the outside of 
the fillet. In the case of the strips sold for silversmith’s work it 
has been stated that the average difference between the outride • 
and centre varies from '8 to 1 part per thousand; and where the 
alloy is to be hall-marked the muniifactiirers usually add a small 
i|n,intity of silver to compensate for any irregularity in conqiosi- 
tioii- The ffBiilt of this is that at the animal examination at 
the Royal Mint of duplicate samples submitted by the As-say 
Offices and known as the " Dicta," the mean assies show results 
varying from 4 to 8 parts per thousand above standard. 

Standard silver is melted in pliiiiihqgo crucibles, which are 
nearly always heated in coke furnaces. The crucibles vary in size, 
but those used at the Mint hold about 4000 ounces of DKtal. 
They will stand a large number of meltings, and are finally broken 
up and sold to the smelters. Experiments conducted al the 
Mint have ^hown'tlnt the average temperature of pouring is 
about 980', and the temperature the silver " blanks ” are annealed 
at is about 640°. If insiifticiently annealed, or annealed, at too 
high a temperature, the metal is liable to crack with mechanical 
treatment. 

In addition to standard silver, a smaR quantity of alloy 900 
fine, which Is not hall-marked, is used in Birmingham for 
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jewellery; and it is slated tlmt alloys as low as (100 fine are em¬ 
ployed, but the quantity used must bo very Mii.ili. 

Id America sterling silver is manufactured on a large scalo by 
mills making a speemlity of rolling this alloy. Tho metluxl of 
manufarlure ditVerH in stuuo reBpccia from that o|)oriitmg m this 
country. The alloy is molted in furnaces tired by oil, which has 
the advantage of being free from sulphur and producing no ash 
from which, in th*' event of accidents, tlie silver reipnies to be 
separated. 'I’he furnaces consist of a cnst-iion sliell lined with 
tirelmck, with a hole at tho lioitom thnnigh vfliich the jet enters 
at a tangent, so that tho Haine lioes not uiipinge *lireetly upon 
tho crucilde. The crucibles used are of graphite and huh! alsmt 
1200 ouneos, half of this being made up of line silver and shot 
co[iper in the ealculaled piojsirtiuns, and llie other half consisdng 
of scrap. Under ordinary coinlitions liie time required to melt this 
quantity is about foity rninules. Before [xniring, the metal m 
dooxulised by adding metalho cadmium equal to d o |>«'i rout, of 
the weight of the alloy, which is pushed down under tho metal 
with tongs to prevent it rising to tho surface and burning. 

Tiiie ingot moulds are of tho ordinary pattern, consisting of two 
parts held together by a ring and wedge, and take an ingot 12 ins. 
long by 10 ms. wide and 1} in. tliuk. After casting, the ingot 
iH cooled in,'\ator ami the (op end is sheared oil’ It is now 
trimmed and planed to remove surface defects before rolling. 

Th% rolling takes place in tlirce stages First, the plate is 
passed tbrougli the luviiking-down rolls, m which it receives as 
heavy a pinch ive possible and its thickness is reduced to | in 
The plate is tiien anneal|Kl m a miifile furnace (also oildiied) and 
plunged, while still hot, into a pickling bath containing 1 part 
of siflphuric acid to 16 parts of water, after which it Is dried and 
examiiuKl for surface defects, winch are removed with & hammer 
and oliisel. After straightening, the plate m then passed through 
the running-down rolls until Its thickness is Aduce^ to No. 10 
B. and S. gauge, when it requires a second annealing and pickling. 
The sheet, whicli is now 10 or 12 ft. in length, is again ox-amined for 
surface defects, and is then passed to the hnishing rolls; on leaving 
the rolls it is again annealed, pickled, and dried in sawdust. 

Standard silver can readily soldered, and the alloys used foi 
the purpose are of some importunce. They consist of silver and 
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copper with an addition of zinc, usually introduced in the form of 
brass; and whore a very fusible solder is required, tin is sometimes 
added The composition of a few characteristic solders is given in 
the following table; — 


Sii.vRii Soi.nmis 


Composition. 

Rental ks. 

Silver. 

Copiior. 

Kmc. 

Tin. 

80'0 

13 2 

6-8 


Hanl '•older foi strong'joints. 

76-0 

20 0 

r.o 


Medium solder. 

70'0 

22 5 

7 5 



09-4 

'22 1 

8-6 


i> t- 

7 

83 3 



' ,, ,, for finaniellcil work 

64'6 

22'5 

I?0 


Oidiiiary bolder foi plate work. 

62'5 

30'0 

7-5 


Common soldei. 

62 f. 

81*2 

•6 2 


Kany bolder forcliains. 

62-6 

20 9 

18-6 



62'6 

20 9 

10'4 

6 2 

Quick •tuimiui; solder. 

66-9 

27 7 

11*5 

3-3 

Common quick solder. 


These solders possess tlio same characteristics as the load-tin 
solders already referred to. There is a considerable range of 
temperature between the freezing-points of the constituents, with 
the result that the solder passes through a semi-solid or pasty 
stage during cooling. ■ 

No account of the silver alloys can be regarded as complete 
which does not make some reference to their use in the art of 
plating. The first commercial plating process, which was invented 
by Thomas Bolsovor of Shcllield in 1742, developed into an 
important industry, and it was not until a hundred years latar 
that " Sheffield Plato " was superseded by electro-plate, ^ 

Mr E. A. Smith, the Deputy Assay Master of the Sheffield 
Assay Office^ give4 the following description of the method of 
manufacture of Sheffield Plate. “The silver-plating process 
pursued in the manufacture of old Sheffield Plate consisted in 
taking an ingot of copper slightly alloyed with brass, and a 
thinner ingot of silver finer than standard, and placing them in ’ 
close contact after their surfaces had been' scraped clean and even.. 
The silver was then protected by a thin sheet of copper and a' 
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sheet of iron outside that. Tho whole waH tijjhtlj bound to¬ 
gether with irou wire, ami tho edi^oH bruslkd witlj a Hululion of 
borax to provvnt oiidation in tlio »»ibso(juont heating. The 
ingot WJLS next very carefully hoate<l in a rovorborutury furnace 
until the silv<‘r began to fus*^and wjia kcou to flow at tho (nigoa. 
It waa then (juickly removed from thu furnace, grulually cooled, 
and wlu n cold cleaned in an acid Rolution, after winch it waa 
scoured with sand and water and rolh^l out to tho desired tliick- 
ness. Kor tho purposes of nmnufaeture it was cut up and 
hammercsl into the rc^juired shape by skilled workmen, or 
stamped in dies, tho edges and parts being soldered together at 
a moderate heat, and finally Imniislicd by liand. In the early 
days of silver plating tbo manufaeturo of buttons and buckles 
was an iminenso inflnstry, and Ui'Niivcr at once estaldihlied a 
factory in Hakcr’s llill for tbo production of iheKo and other 
small articles, such as snuff-boxes, etc He experienced groat 
dirticull V in regard to labour, and at first he, and others who 
followed him, had to acce[)t the Korviees of itinerant tinkers and 
such wmkmen as they could imluco to como frein l.ondon and 
otbor pl.ieeH men who spredily realised their imporUiico and 
exacted llieirown terms," 

“For the first tifty years the copper was plati-d with silver 
upon ono side only, but boKov* r’s approntiee, Jo'cpb Hancock, 
improved upon tlio process and plated both sides, at the sumo 
time,Gxtendmg its application to huge articles, sueh as tankards, 
coffee pots, etc. Tin was at first applied to hide tho raw edges 
of the copper, or brass, but in 1781 George Cadman, in partner¬ 
ship with Samuel Roberts, substituted solid silver edges and 
mounts, thus not only hiding an obvious disfigurement, but also 
protecting tho parts most exposed to wear, Tho earliest 
forftia of Shetfu'ld Plato are generally jilain and siinjilo in design, 
but*later ^he designs were pierced like the silver-pierced work 
of about the middle of the eighteenth cenkury As a general 
rule, Shelfield Plato simply reprcKliiced the patterns^of solid silver 
in usa at the time.” 

Another process known h.s “Close-plating” was carried on 
simultaneously with Shelfield plating, and was usofl for the 
plating of steel article^ such as fruibkoives and candle-snulfcrs, 
which often accompanied candlesticks and trays of Shelfield 
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PlAte In this process the steel was carefully cleaned and then 
tinned by dipping into molten tin It was then covered with 
thin silver foil, which was beaten, or “ closed,” over every part by 
careful hammering, and when this was completed a hot soldering 
iron was pressed over the whole .si'irf ico, thereby melting the tin, 
which alloyed with the silver and soldered it to the steel. 

Apart from the silvcMopper alloys the only silver alloys of 
any importance are those with cadminm, platinum, and tin. 

Silver-cadmium Alloys.—The alloys of silver and cadmium 
have long been known, and many years ago a company was formed 
with the object of electro-depositing an alloy of silver and cadmium 
in place of pure silver on account of its superiority as regards 
tarnishing. The attempt was unsuccessful for various reasons, but 
chiefly on account of the diHiculty of obtaining a uniform deposit. 

In 1904 Rose drow attention to the fact that silver is ca[iable 
of dissolving cadmium to the extent of 20 per cent, to form a 
homogeneous solid solution, and lie suggisstcd that the standard 
trial plates might with advantage be rcidacod hyasilver cadiniuni 
alloy on account of its uniformity in composition. Trial plates 
were therefore made, and it was found that they wore [lerfecj.ly 
uniform in composition, and that the cadmium in no way inter¬ 
fered with the ordinary methods of assay. Some diHiculty was 
experienced in molting the alloy on account of tlio volatility of tlie 
cadmium, but the method finally adopted was as follows:—Molten 
silver at as low a temperature as possible was poured on te the 
melted oadmiuin covered with charcoal and contained in a largo 
cruoililo. By this means the loss of cadmium was reduced to about 
0T5 per cent, of the weight of tlie alloy, pnd was fairly regular. 
The loss oil remeltiiig the alloy only amounted to 0’08 per cent. 

Cadmium, liowever, is not only of use in the preparation of 
sUndard trial plates, but in other countries is extensively used 
in the manufacture of sterling silver, owing to its valuable pro¬ 
perties as a deoiidiSsr. It increases the malleability and ductility, 
prevents blistering, and is said to improve the whiteness of the 
alloy. Moreover, an excess of cadmium is not very matenial, as 
it alloys perfectly with the metal without injuring'its mechanical 
properties An American authority states that cadminm Is used 
by practically every manufacturer in the‘United States, and he 
gives 0 5 per cent, as the usual addition. 
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Silver platinum Alloys.—These alloys are used to a limited 
ejteut, hut arc of sulheient nnporUnco to demand a brief 
deecriptioD. 

The preparation of the alloys m soinuwliat ditlicult, owinj? to 
the hi}>h nu'l(in^p<.)iut of J.hi' platinum; but the alloying is 
effected by grulually luMuig the platinum in the form of sponge 
to tho molten sii\er, tlw whole laiing thoroughly mix(sl by 
stirring Tho rosuUing alloy w granulitte<l and remelted to en¬ 
sure uniformity of composition. 

The most impoitant of tlie silvoi-platmuit^alloys arc tlmsr used 
by dentisU and sold in tho form of wuo, slioel, and pciforaU-d sheet, 
undiT tho name of alJoy. They are much more durahh^, 

and do not hlackon so remldy Jis a silver coppor alloy. There are 
in the market two qualities, tho first conliuuing 07 per cent, of 
silver and 3.3 per cent, of plainuiu , and tlu' s'cond conlaining 
73 per cent, of silver and 2.3 per cent of platinum Tho alloys 
occasionally contain a small quantity of copper. 

Silver-platinum allovs are also said to ho nsod by Birmingham 
jowollers, hut it is probable that tho a<l\anre in the price of 
pli^tinum has been the moans of clieoking their use. These alloys 
contain from 2'5 to 36 per cent of platinum 

An alloy ii'H'd for soldoring jilalmnm ronsists of 73 por emt of 
silver and 27 per cent of platimim . and an alloy containing 37 
percent, of silver and 33 per cent of platinum is employed as 
the f^andaial of electrical resistam o. 

Alloys of Silver and Tin.—Alloys of tlieso metals are largely 
used by dentists as the basis of amalgams for stopjmig teeth. 
They come into the njarket in tim foim of filings or shavings 
containing from 40 to 60 per cent, of silver, and are mixed with 
mesenry immediately before use. Tho amalgam thus formed 
becomes a hard mass within a few hours. Small (piantities of 
other metals, iismilly gold, platinum or copper, not oxcoeding 
6 per cent., are occasionally jwlded to the* alloy in order to 
improve it« quality. 

As regards other alloys of silver, tliose with /inc and aluminium 
have had some attention devoteil to them, but so far they have 
not attained any degree of industrial importance. 
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as 24 carat, so that, to 


Gold Alloys. 

Tho itnpoi’tant alloys of gold are those 
with copper and silver, and of those the 
gold-co[)p(!r ^Jloys are by far the more 
important, on acconiit of their employ¬ 
ment as alloys for coinage. 

The constitution of the gold-copper 
alloys has been studied by R()l)crts Au'<ten 
and Hose, and the freezing point curve 
of tho series as dclennined liy them is 
shown in fig 71) It consists of two 
branches meeting at a point representing 
the oulectic, which coiitaiiis 82 per cent, 
of gold and molts at 1)05°. The ronnd- 
ni“<s of the curve siiggt'sts that the metals 
are to a considei'ahle extent soluble in 
one anotlu'r, and the microscopical ex 
aiiiinalioiJ eontiiiiis this view, liut the 
degree of solubility has not yet betm 
ascertained Standard gold, however, is 
a honiog»‘ueous solid solution of copper in 
gold, and jiossesses the crystalline siruc- 
turo of a pure metal. An old-fashioned 
system of expressing tlic fineness ol .gmld 
alloys in “carats” and grams, or “carat 
grains,” is still in use m this country, 
and roquiros some explanation. The 
Arabic word Kyrat and tho Greek AVra- 
tion appear to be the same, and were 
applied to beans or seeds which were 
used as weights. Tlie word seems to 
have been retained after the introduction 
of ^5tandard weights, for we find a small 
(Ireek weight known as a ceratiunifhom 
whicli our carat, or ‘*karrett,” as it was 
formerly spelt, is derived. The carat 
contains 4 giains, ittid pure gold is taken 
take an example, IB-carat gold contains 
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of pure gold, or 750 fine. Tins system wiw retained in the 
Mint until 1882, when it was i-'plaeed hy the decimal or “parts 
per thousand” system, but it la still coinnionly employed by 
jewellera and goldsmiths 

In following the history of*tho gold coniage in this ooiuitr} we 
must again quote the vsonls of that eminent autlmi ity. the late 
Sir Willmin (1. Roberts Austen lie be;:um with the year 1257, 
“the 4lat year of King Henry Hi , wim made a penny of (ho 
finest gold, which weighe<l tao sterlings. 'I'hi:^, as finding jiointH 
out, is remarkable a.s the first cnmage of golibni the kingdom, and 
it ia oxtruordinary that it took place at the height of the king’s 
distress for want of money, d’ho neil step of inqiortaneo waji 
taken in 1343, when King Edward HI. coined, or piojeeted a 
coinage of the atandard 9‘.)l 8 (23 carats, \\ \ grams, and gram of 
alloy), which was referred to by later \\iileis;ia the ‘old sterling’ 
or ‘ right Stan lard ’ of England, and Lowndes, (juoling the Red 
Book of the Exchequer, says that the 4 giam of alloy miglit Le 
either of ‘silver or copper.’ Althoujh thest' were nol, as .St<»\v 
oouaidored, ‘the first (.snnnig of gold in England,’ the coins <if 
• Edward III were of romarkahlr beauty , and it wa.s .lasertt'd that 
they were stinek from gold pn-pan d hy occult aid, hy the well- 
known alehemiat Raymond lailly, who h nl a 1 ihoratory in tin* 
Tower of London, 'rhero aro, however, chronological (iillh-nltieK 
in the way of this explanation of tlie origin of tlie pnieiuus metal. 
No further cli.ing<* was made in the standard fineness of the gold 
ooin until the yctir I52fi, when King Henry VIII. intnxlnccd a 
second atandard, 9K) 00 (22 car.its), the professed object IxMog to 
prevent the exporUtioy of the com to Fl inders. Tlio further 
modification of the stand.ird, which wju etieetisl in I5t3, was 
preotded by a kind of scientific reseaieh, .is the King ordered the 
officers of the Mint U) prepare, whenever they slioiild he so 
directed by the Privy Couih:i1, alloya to the value of one jionnd 
in weight, of such fineness as should be dfvmed by the said 
Councih in order that the general nature of alloys, similar to those 
used in foreign realms, miglit the sooner come to his Maje.sty’s 
knowledge. The standard 916 66 (winch is the standard of tlie 
alloy used at the present day for tlio gold coinage of this coiiiilry) 
was again issued in ?54L By a subsequent indenture, dated 
1546, the gold was brought down to 833 3 (20 carats). King 
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Edward VI. irtiprovcd the fineness of the !;oId currency in 1649, 
and in 1652 an indentiiro was made authorising the coinage of 
gold both of the old stand,ird 994'8 and of the standard 916'66. 
Queen .Mary issued coins of fineness 994'8, (,iucen Elizalwth 
struck coins of bolli standards. Tho coinage of gold of the ‘ gold 
standard’ 994 8 was ahiiiidoiied in the 12th year of King 
Charles I., and since that time the standard filfi'fifi^has alone 
been issued. Coins made of the old standard previously to that 
period continued to he current until the year 17.32, when thev 
were withdrawn from circulation by proclamation.” 


GOI.I) STANll.tRDS. 


Cotmliy. 

Iienoini nation 

FinenesM. 

Austria-fluiigiiiy 

Dticat 

980 

n n • • • 

20 and 10 crowns 

900 

Ijelgium .... 

20 and 10 fiaiu-s 

900 

iWmaik . 

20 and 10 kroner 

900 

France .... 

All 

900 

Ocimany .... 

All 

900 

Gi'Mit Britain 

Sovereign 

91(5-6 

Holland .... 

Double duciit. 

m 

Italy. 

Ducat and 10 lloiin 

900 ' 

All 

900 

Japsii .... 


... 

Norway .... 

20, 10, and Ct kroner 

900 

Fortugiil .... 

Alt 

916-6 

RuSMli .... 

All 

‘ 900 

Sweden .... 

All 

900 

United Statfs 

All 

900 .. 




From the above table, giving the composition of the golc 


coinage alloys used in ditl'erciit countries, ,it will be seen that the 
standard most generally adopted, viz. 900 fine, is somewhat lower 


than in this country. c 

Standard gold is harder than the pure metal, but is extremely 
malleable and ductile, and admirably suited to the purposes of 
coinage. Moreover, the alloy being a homogeneous solid solution, 
there is not the difficulty of preparing standard trial pistes of 
uniform composition as in the case of standard silver. 

The melting of standard gold is carried out in plumbago 
crucibles heated in coke-fired furnaces similar to those used in 
the melting of standard silver. *’ 

Alloys of gold and copper are largely used for jewellery; 
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thobe moit commonly iised and hall marked are 
2^ oariit or 916*6 fine, 18 camt or 750 6ne, 
15 carat or 6‘24'5 6no, and 9 carat or 375 
fine. The Hrst of thcMe, viz. 22 carat, is too 
soft for hanl wiar, and is aJitiOHt oxclnsivoly 
employed for wedding rings and those |)arU of 
rings which hold the precious stones and whnii 
have to be exceptionally ductile. The alloys of 
18 and 15 carat are used in high-class jewellery, 
and the 9-c:irut alloy is u^od for cheap work 
In addition to these a number of alloys con 
taining silver in addition to the copper are used 
for jewellery, and in some cases iron is adiled. 
An alloy containing 750 of gold and 250 of iron 
is mentioned by several writers as “ blue gold.” 

Gold-Silver Alloys. 

Although the alloys of gold and silver can 
hardly be said to have any gnat industrial 
ralwe, they are of coiiMderable inteujst from a 
theoretical point of view It may be mentioned, 
however, that these alloys are used to some 
extent in tl^o manufacture of jew*llery, tbc; 
colour being p.der than in the case of the corn* 
spending copper alloys. Until coinparati\ely 
recently the sovereigns struck in .Australia at 
the Sydney Mint were alloyed witli silver in¬ 
stead of copper. 

The constitution of the gold silver alloys has 
reoe4ved the attention of many metallnrgi.'its, and 
more particularly Oautier, Roberts-Austen, Rose, 
Erhards and Schertel, who all agree that the 
metals are isomorphous and form homogeneoiA 
solid solutions throughout the whole series of 
alloys.* The freezing-point curve determined by 
Roberts-Austen and Rose is shown in fig. 80, 
and it will be noticed that the lowering of the 
freezing-^int of gold By the addition of silver 
is very slight until 35 per cent, is reached. 



Fio. 80.—Freeiing-point CxirTe of Gofti-silrer AUoyi 



m 


ALLOYS. 


It follows from the oonstitation of these alloys that they will 
be uniform in composition, and since 1902 a gold-silver alloy hfts 
been used at the Mint for the purpose of assay checks in place of 
fine gold. 
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CIIAVTKR XV. 

IRON ALLOYS. 

In aUcnipliti*; deal \M(h the alloys <>f inm onr aticntioii iu 

naturally diiectial to si'l i, and tho qinsiion aiiho, Is steel an 

alloy? Many years ago MaithiesHen declared his b< licf that Htcol 
should bo considered as an alloy of iron and carbon, and lus opinion 
has been amply conlirrm <l by inodcrn research. But here «<■ are 
face to face with another difl’n ulty, foi tho study of steel has 
received so much attention, and is in itself so vast a subjeel, that 
it would be obviously mqjossiblo to compress it into a part of a 
book on alloys. On the other hand, no book professing to <leal 
with the hulqect of alloy.s can po-^siltly ignore the alloys of iron 
A ooinpromj^e must tlicreforu bo made, and in tho following 

chapter an attempt has been made to deal biiefly with the 

esseniial facts and to siipidomeiit these with a bibliography 
sufficiently complete to form a reference to the inipoitant work 
dealing witli the subject of steel and cast iron. 

• 

Iron and Carbon. 

Hie constitution of the allojs of iron and carhon is somewhat 
comjlioated by the fact that iron is capable 'of existing in at least 
three allotropic modifications; and it is necessary, before dealing 
with the alloys, to consider the changes whicli’may ^xke place in 
rfie iron itself, Roberts-Aiisten showed that if a cooling curve 
is taken of the purest iron obtained by electrodepositioii, two 
remarkable irregularities in the curve, due to an evolution of 
heat in each case, occur at temperatures of 895" and 766*. He 
considered} that these evolutions of heat were due to allotropic 
changes in the metal, and this view has been supported by the 
S87 
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fact tliat tliero ia a profound change in the physical properties of 
the metal at these tetnperatnr('B. Osmond first described the thr^e 
allolropio modifications as Alpha iron, Beta iron, and Gamma iron, 
and this nomenclature is now universally arlopted. Alpha iron 
(or a-iron) exists at temperatures below 76G”, Beta iron (or 13iroa) 
between 766’ and 895’, and Gamma iron (or y-iron) above 895’.' 

The physical properties which have received the most attention, 
and which servo to indicate the molecular changes taking place in 
iron at difl'cront temperatures, are magnetism, dilatation, electrical 
resistance, and thermoelectric behaviour. These will be referred 
to later, and it is only necessary to mention here that Cliey fully con¬ 
firm the eiiateiice of three modificatious of iron. The crystalline 
character of the throe modifications has.also been studied by Osmond, 
who concludes that they all crystallise m the cubic system, but that 
while a- and (8 iron both crystallise m cubes and arc capable of 
forniiiig isomorphoua mixtures, yiron crystallises in octahedraand 
does not form isomorplious mixtures with /f-iron. Osmond observes 
that it the allotropy of iron were not conclusively proved by other 
evidence, it would not bo revealed by its crystallography. 

If, now, a cooling curv* is taken of an iron containing, fay, 
0'2 per cent, of carbon it will be found that the first evolution 
of heat IS very much less than before, and occurs at a much 
lower temperature, vir. 825’, while a third evolution of heat 
is noticed at 690°. Further additions of carbon lower the tem¬ 
perature at which the first evolution of heat takes place, until with 
0'37 per cent, of carbon the first two evolutions of heat merge 
into one at 766°, while the third remaiiis constant at 690’. Still 
further additions of carbon again lower t,ho temperature at which 
the first evolution of heat occurs; and when 0 9 per cent, of carbon 
is reached only one evolution of beat is noticed at 690’. These 
three evolutions of heat have been named by Osmond Aj, rVj, and 
Aj; A, being the change which occurs at 690’ and which is also 
known as the reUlemnce point; Aj, the change which occurs 
between 766" in the case of pure iron and 690’ iii the case of 
iron coutaiiiiiig 0'9 per cent, of carbon; and Aj the change which 
occurs between 895’ in pure iron and 766* in iron containing 

' Many attempts have recently been made tjo disprove the existence of 
fl-iron, but as yet the evidence has been unsatisfactory and wholly iniuBidait 
to suDDort the claims nut forward. 
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0*37 per cent of carbon. The satnc points arc ob'civcd on 
hMtiij;; 8 teel US well as during; coi>!injr, but (hc\ d<i not occur 
exactly at thosjiine tciii|ieratiirc 8 , luid in ordo to di^tiiiguisli the 
pointfl observed durin;; heating' or coolmi; flic )■ ttci> c (clmulTanl) 
and r (rofroidiauant) arc adilcj ;*thus the (j\obit 10113 of beat ^lunn^i; 
cooling are Atj, Ar^, and Ar^, and the corrc^pondiiiLr points dm ing 
heating are Acj, \r,, and Ac^ Tbc inlbuMicc c;ub<<n upon tlio 
molecular cIiangoH taking place in steel cim b. st bo oli'..'r\cd by 
submitting to a rnieniscopi. Ill cvannnatioii.samplcs of stcrl winch 
have been h('ato<l to various tiunpcraturoH and smld' nlv' co<ilcd by 
quenching in water or morcurv, in onler fJVfix us far as |sis«ible 
tlie structuro wInch tlu'y possi'SH at the teinperatme at w lin li thov 
are qucnclitHl. I.et us considi'r, for example, a Htcd .-onl nmng 
0'4 per cent, of cailion If such a steel ib quciudu d at a t-'inpcra 
ture above Ar,. itw stinctnro will bo found to conhi^t cntirelv of an 
acioular constituent, of winch pbol<igraph I, No. .d, rrpit .Hi-nts u 
typical e.xaniple, anrl which is known as martensite The InglicHt 
powers of the inicroscopo aro unahlo to resolve tins lu.iteriHl with 
the ncedlchki* strueturo into dillcronf coniponenlH, and it ih 
• evic^cntly a solid solinion of carbon m iron. It is a hard, brittle 
8 nl»tance, and is the chief constituent of haidened hteds 

if, now, the same steel is quenclicd from a tcnipcjaturc between 
Ar^ and Atj the same coiiHritnunt will be ob-'crvcd, but in tins 
case it IB not ^10 only cunsiiUituU, but occurs in patches suiiounded 
by a structureless and much softer maleri.il which is jiractic.uily 
pure iron and is described as femte Again, the s/nno steel 
quenched at a temperature below Ar,, or allowed to cool uaturally, 
will be found to possess a ditrercnt stiucture. It still contaiiiH 
two constituents, but the marfeiiHite hiuj undergone a change. 
The jarbon is no longer dissolved in the iron, hut has scjiarated 
out as carbide of iron, FcgC, and has formed with a part of the 
free trou a constituent possessing the typical structure of a 
eutectic as shown in photograph 7. This coiatituent is known 
as pearlite. It is the eutectic of iron and carbfdo of iron 
(or cementite), and contains 0'85 per cent of carbon. It m 
much softer than martensite, and is clmractcnstic of all slowly- 
ooolcd steels. Steels containing less than 0'b5 per cent, of larbrn 
consist of grains of pearUto embedded in a ground mash of fernte, 
and are sdnietimCB dtscribed as hypo-eutectic, hIuIo those con- 

19 
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laiiiiiig more than O SS per cent, of carbon oonaiat of maaaivo 
cemeiitite embedded in a ground mass of pearlite and are knqwn 
ae hypor-euloctic. Hyper-eutectic steels queucliod at tempera¬ 
tures above Ar, consist of massive cementito embedded in 
martensite; while in hypo-eutebtio steels the quantity of mar¬ 
tensite varies and is greater with the higher quenching tempera¬ 
ture; from which it will be seen that martensite does not 
possess a definite composition, but is a solution of variable 
concentration. 

The accompanyhig diagram (fig. HI), which is due to Mr. 
Sauveur, shows the eiymposition of a number of steels quenched at 
different temperatures. The effect of carbon upon iron may be 
summed up in the following manner. Carbon to the oitenf of 
0'8S per cent, is soluble m y-iron, and lowers the temperature at 
which the molecular change from y to /3- and a-iron takes place. 
It is, however, not soluble in a-iron; and when the molecular 
change does take place it is accompanied by the separation of 
carbide of iron in the form of a eutectic. 

The complete equilibrium diagram of the iron-carbon alloys 
was plotted by Itoozeboom from Koberts-Austeii’s results, aujl has 
been confirmed, with only slight modifications, by Carpenter and 
Keeling. The curve, which is somewhat complicated, is shown in 
the accompanying diagram (fig. 82), and in order to make its 
meaning clear wo will follow the changes which occur during the 
cooling of one or two typical steels. Take first the case of. a steel 
containing 0'2 per cent, of carbon cooling down from a molten 
condition. The first break in the curve occurs at a point in the 
lino AB when the metal begins to solidify, and a few degrees lower 
(represented by a point in the line ba) solidification is complete. 
The mass now consists of a solid solution of carbon in .iy-iton 
(martensite), and no further change occurs until the line GO ie 
reached at about 820' (Ar,). At this point pure iron m ‘the )S- 
oondition separates out, the carbon being concentrated in the 
remaining martensite. The neit point occurs when the line MQ 
is reached at 776' (Ar,), when the free /3-iron changes into o-irqn. 
and becomes magnetic. The last change occurs when the lin#' 
PSK is reached at 690' (Ar,), at which temperature the marteniiti 
breaks down into pearlite. ^ : 

Although the point Ar, has just been described as the 
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ch»!ige occurring in a cooling stcei, tlie cipre^vion m not atnotly 
«(jourate,a8 Roborts-Austen detected, ami Carpontei-and Ivovling 





bave confirmed, the eiiBtfiioo of a eliaiige, sliown by an irregnlanly 
in the (Moling curves 5f a wide range of alloys, at G00‘. This 
point has been described as Ar^, ljut lloscuhain has shown that it 


Flo. 82.—i£quiiibnam Dirigr&iD of iron-c&rbuu Aaloj^ 
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is due to the tube in wliich the cooling takes place, and is uot 
connected witli the steel itscli, a 

The changes ocoiirnng in .a steel eontaiiiing 0'5 per cent, of 
carbon are similar, cxccjit that a-iron sc])ariitc8 directly from 
martensite at about 750° without ^he preliminary separation of 
yS-iron. 

The case of a steel containing 1 per cent, of carlion is somewhat 
different. The solidification of the metal extends over ii range of 
nearly 100°, that is to say, the distance between the points on the 
lines All and ha. As before, the solid metal consists of martensite; 
but when the lino Sli .s reached at a tcniperatiire of 850" massive 
cementito separates out in the martensite. At 690° the marten¬ 
site breaks down into pearlite, anil the result consists of massive 
cenientite embedded in a matrix of pearlite. As a last example,' 
let us consider the case of an alloy containing 3 per cent, of 
carlion. At 1240" marlonsito begins to solidify, but .as y-iron is 
only capable of dissolving alioiit 2 per cent, of carlion to form 
marteiisito, it folloiss that the separation of niarten.sile is .accom¬ 
panied by a concentration of carhoii in the mother liquor. This 
concciilnition continues until the carbon reaches 4'.3 per cent., 
when the eutectic of martensite and graphite separates. As the 
teraperntnro falls below 1000° part of the graphite again enters 
into combination, with the foriiialiim of cenicntite. so that the 
metal consists of cenientite and martensite; and at 690’ the 
martensite breaks down into pearlite, tbo final result being 
comeiitite and pearlite with free carbon or graphite. When 
more than 4'3 per cent, of carbon is present, grapliite is the first 
constituent to separate out. 

The microscopical appearanoe of the important constituents of 
steel has already been described; hut ol,her constituents, or 
perhaps it would bo more correct to .say modifications of these 
oonstitiionts, may be produced by thermal tjeatnieiit, and they 
must be briefly described. 

Troostite is an intermediate or transitional product which is. 
formod during the transformntiou of martensite into pearlite, 
and is found in steels which have been quenched at the oritol 
temperature Ar,. It is softer than martensite, and owing 
to the fact that it can only exist within a very limited Ange 
of temperature it is seldom met with. Photograph 42, wLjob 
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ia by Osmond, shows the appcurnnoo of in>tMttite ubdor the 
nwcroBoopo. 

Sorbite is also an intenin'iliale formation bi‘twc«*n marUmsito 
and pearlito, but is more closely related to piMtliic Ii luh been 
described as ‘‘iin'le^Meu'aiiHh piurlite," or piMilite in \\lneb thu 
separation of ferine an<l e^niinlilt' h impeil.vl nwjn^' to lapul 
cooling. Sorl)ite us fiiund in small ulueli iia\e been 

cooled in air, ami m larger sunpKvs alneb b.iv.- liren tjm nebed in 
water towards t‘ie end of the leedf'ceuee. <ir <jii<'n<-ln‘d in molten 
'lead. It is also produced }»y beuinig imiii ii'fite (o II blue eulour. 
It is hardly [Mwsiblo to deliiie the iiitenned^i.- form-ilHais li*-t\veeii 
marteiiHite and })earlite, as there app<' »rs Lo In* a gi.i'iiml ehaiigo 
with no sharplv deiiiied iinuts tlirmigb iro"sfite, tnm^to nuiltite, 
sorbite, granular pe.ulite, and bnnell.ir peniiLe 

Austenite is found m stis-K csmtaiuiug luoie fliau I ‘J p<T cent 
of carbon which have lu eu ijumicli( I l'i<<m a (em[M ratun' kIkivu' 
1000* in water co<;letl to /eio, <ii betlei, m :i ftec/mg iiiitture. 
The appearance of austmiile ift shown iii plioioolupli I, N". 4, 
the lighter eoiistitu' iu being .uistmuii* uid liie d.irkiT niai reii^ite. 
It is softer tbun mai fciisiio, aixl, owing (o tlic fact that it is ordy 
stable at lugh temp-Taturos, baion .luptner has slight •,tn| that 
it may be a Kolutiou of elcnienfai v > srbon m iron 

As regards^ the nii< loseopicul inrtholH of deirciing tin* con 
stituents of steel and their di-tiii:zni''liiiig ch:iMc(( M-,(ii s, a few 
wordssmay be useful. 

The structmo of ordinary steels in iv bo made apparent by 
etching with nitric and, lait it is dithenlt with so .strong a 
reagent to regulate th« degree of efclung Many years ago 
Osmond recoinmendeil an a pnajus e\trar-t of liquorice root os an 
■etching reagent u^ed in the following way A jc'ce of smootli 
[>arcljnient was moisteind with the liqiioiiee cxtiact and a small 
quantity of precipitated calcinra sulphate added. The Hpecimen 
waa then rubljed vigoiou.‘'ly upon the inoist p.frchiiK^it until the 
structure was revealed The calcium sulphate serve,s the pur[)ose 
pf a polishing powder, and keeps the surfiuo of the steel clean 
This is the combined “jx-'lish attack," as it is Hometimes called. 
Subsequently Osmond fchowed that a 2 per cent bolution of 
umtnoiiiury nitrate imglil be used in pi:ire of the liquorice extract, 
ft^d is more oou'venicut on account of its nniformity. By either 
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of those methods the various constituents can be distinguished 
as follows:— , 

Pearlite by the unequal etching of its constituents. 

Sorbite is coloured yellow to dark brown. 

Troostito, yellow, brown or blue bands merging into each other. 

Martensite shows its characteristic acicular strncinro. 

Ferrite by its crystalline strnctiiro. 

Cementite and austenite are unalTeoted. 

In order to distinguish martensile from austenite, Osmond 
comiects the sam|ile' with the positive pole of a bichromate battery 
and iinmeraes it in a W per cent, solution of amnioiimm chloride, 
the negative pole consisting of phitinnin or iron foil. In this 
way the martensite is coloured .siicce.ssively yellow, brown and 
black. 

The combined polishing and etching produces very beautiful 
speciinens, and Osniond’s pliotogrnplia, taken some years ago, have 
never been surpassed, but the met hod is somewhat tedious whore 
perfect results are not essential, and an etching reagent, consisting 
of a 6 per cent, solution of picric acid in alcohol, ns suggested 
by Igewski, is now largely used. With this reagent no rubbing 
is necessary, the specimen merely being iiiiiiiersed in the solution, 
washed in alcohol, and dried. One of the grc.it advantages of 
this iiielliod is the fact that although extremely rapid there is 
little risk of obtaiiiiiig misleading effects by over-etching, as is so 
often the case with nitric acid. A great many other more or 
less complex etching agents have been suggested, which it is 
uiineccs.sary to mention in detail; but an exiun|do may be given 
of a complex reagent which it is clauned by its nullior, M. 
KoiirbatolT, will colour troostito and troosto-sorbite, leaving other 
coiistitueiils iinafTeetod. This reagent is coinpo.sed of one piirt of 
ethyl alcolud, one part of methyl alcohol, and ono part of a 4 per 
cent, solution of nitric acid in acetic anhydride. 

From whet has been said,of the constitnents of steel and their 
formation, it will be seen that austenite and troo.stite are very 
lately met with, where,is ferrite and pearlite are found in ‘all the 
classes of steel used for constructional purposes such as bridge 
work, railway and tram rails, etc. Cementite is found in all-,| 
high carbon steels, and martensite is charactcristio of all steels , 
hardened by quenching, and, as will be eeeii later, certain steels 



IRON ALLOYS. 


295 


which renmin hard wijha'it Sorhitc is «oinetinies 

fojind in steels whieh have in en i^uon' lud after n>ihn-'. 

So fur, onlv pure imn earl'on have Itieu «h‘»it ^^ith, birt 

comnieu'iul 'iwU iii\iinal'lv oonfam small quanfitus u\' other 
elomenU ; these liue lui iiiip'iriaiit iiillueie-e uu the t[uaht\ of 
the ftllu}8, aiei must Iw e^rnsuicie.) I he m Tc impottmt of 
these cleinenUs are Siheon, Mii}'hni, [•h^sphoruH, aii-l muiL:anese 
Silicon forms ii s<iliil sdluti'iii wiili mui, .iti’l ijip' iis t" uito 
Bolutlun in tlio form of a-llieule I'iSi It is thrn ft.tr nut (Irtrcled 
under the <hi tiie otlur liuu!, a •••nmi .'iniminl of 

silicon is fre(pientl\ foun'i m steel m llu^form of siluate sla^^ 
In good steel the (juantitv uf .sla^' is \er\ siuali, hul m mfiri.u 
steels it 18 ocaseuialh fnuud in fiii!>i.l<Ta)'le qu mtitn-’ Tl»e 
ortliiiarv chcimcal fails to l|l^Iln mh-'Ii Ixu a n'li Mhe.-itr 

and flllu'ide, oJiU tln't^til Mini'll e'lif'-iil l'cin<4 let urn.'<1. l»nt h 
microsoojiical e\amnialiun i.'MmU (In- .-mMc m c of Mi ' ales 

Sulphur invartuldv occuih iw iii.ni;: iie'U Milphnl.- in steel Tt 
is of a pah* slate colour, S''m''u int li'..'hl .-i t li ui m m:' nu n.* bilieale 
Unlike the sihe.itr-., hoUf\.i, it ii .‘luiuMt.-'l ailhout being 
• broken durniK the rol'ing i-f (he sin-', and is fouii<l in long 
threaUs in rolhd steels. Ph'.i, :■ ijih kIu.ws both inaii;,'anose 
Bulphido and iron ''iln it.- 'i''eurriiig 'I'h- 1)\ -^id.’, aiui photuf'iajih 38 
sliow.s a p itcli of m iiiLtan.-'O mi1[)1iiUi' and iiiang uu hi* siiu-ate ... •cur- 
ring tog.'ther On f r.-atluc’ with 'Iiluli - ai id tin- maiigaiu h.- Kul[iliule 
is dis.'wlved out, li-.iving [ut h, u hile llu - si he.it.- i .-iiniiis unatl 'cked. 

Phosphorus folios a S'li.i soiutidu with iron, ent.-nng into 
Bolutiuu as plii'Sjilu li- of iioli, I'l I’liospliuii- of tioll, esjifi’l.ll!)’ 

when present in fanl), huo.- ninnniics, fr.'|iu-nt]y si-grcgaloH, 
tlie parts of the steel neh in plio-.j.liidi- heino harder .iiul \^llltt•r 
thai^ the rest of th*; nutal. Mum- si’gr.;gaiioiis are appan-nt 
during the turning, cuLtino, or tiling of the steel, and an- kiio\M) 
by tffe Workmen as ‘■gho->t' " 

occurs m stc-l in at least three {''•‘ms It combines 
with all the sulpimr present U) form maiigumse sulpliide, aa 
already noted. It also occurs, to a certain oxlenl, as rnanganes** 
Bilicate, and most probably as manganose silicido. Moreover, it 
forma with carbide of iron a <loul»le carbide uhich is repre¬ 
sented by Carnot ami (^mtal a« 41*0^0, MiigC, and by Belirens as 
FftfMnjU,* Coiiflideniig the experimental dilliculties involved in 
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the determination of the eoinpf»siti<m of.thepe carbides, the resultg 
agree rem;uk;tbly well, as is readily seen if the fonnnlie afe 
brought to the same value in manganese. They then become 
Fe 24 Mn^C|o, and Fe.^jMn/V 

In addition to the eletnmts alroii/ly mentioned sovrral others, 
such as arsenic, copjn'r, nilrogen, uvygrn, and hydrogen, are 
nearly always found in small (juaiitities in steel. Their uitluencG 
(in the qnantilics in which they are usually found in steel) is 
either less iin|iortant, as in the case of arsenic and C'lpper, or 
very inipeiIVcily undeistoi'd, as in the case of nitogen and 
hydrogen, and it m nfipussilile to do more than iin iiLion them 
here. 

From the foregoing descri[»(ion of (he oon-tituents to be found 
in all (udiiiarv sample of steel it follous that the niKU'oscopical 
ex.imination should ho conducted in tiiivo stages Fir.'t, the 
specimen should leccivi' as perfect a polish as [) 0 'Siblc and bo 
cal’etV.lly examined in order to deteinnne the ([uanlily and nature 
of the slag pie-'Cnl Tlieii it should be lightly etched in order 
to reveal the (jiiantity and eondiliou of the c.iibide. tliat is to say, 
wlictbi'r it oecuis as [u-arlite, soibile, etc, Kin.iHx, it sliouldbo 
deepiv etched 1 <j slow up its cry.'^t.ilhue stnietiite 

Alrlioiigh the senes of iroiicailion allots po^^e'S a very wide 
range of prop^ riiox, it Im.s been found that the} ni.iy m many cases 
bo ini[)roved by the addition of aimtlier eleineiit Tlie re.sulting 
alloys aie largely used at the present time, and coii.stituto the 
class of alloys freijneiitly leferivd to as “speci.d sU-cU.” The 
most imjioitaiit of these alloys are the nu-kei steels, manganese 
steels, ehrome steels, and tungsten steels, wjnlc a number of others, 
including vanadium, uiol\ bilcnum, silicam, :ind aluminium, are also 
used mdustnully. More rocentiy quatern.uy niloxs coutai.^ing 
two of these eleincuts have altiaeled cuiisiderahie attention. Ihe 
principal ehar.icteiislies of the nmre important of these alloys 
will be briellv eonsidmed. It may heie he pointed out, however, 
that in all the steels imw used for tlie pinposesof cointructioii 
the result of adding a third compunenL is (he pioduetiou of a 
stronger and harder alloy tliau the sinqiie ironcaihon steel, but 
without any currespomiing increase m biittleness That is to say, 
a triple alloy cont.immg U’3 per cent, of f.iibon can be obtained 
as stioiig as ail oidinary steel eontamiiig 0 7 per eent., or more, 
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of carbon, but \\iilioiH iiu' luiitl-'iu of the smipli iT'ii I 
«tcel. 
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coetlicient of e\[Mn'i'>n ’^uttininitly mai ihat of t.di-H t4> eiialilo 
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it to be used in the maoufacture of incandeecent electric Umpe 
without risk of fracture at the base of the lamp where the wire 
was fused into the {.das'! Platinum, however, hua now becji entire!)' 
replaced for this purjH)so bv an alloy of nickel uu<i iron contain¬ 
ing i6 per cent of nickel ^nd aliout 0 15 per cent, of carbon, 
which Guillaume has nam^l platinite. An alh>y j> 0 '«es 8 m^' no 
coefficient of enpimsion with rise of tomperaturo Ik obviously of 
the greatest imporUnco in tho manufacture of uatelies, clocks, 
and scienliho iuMruruents, as well as staiioani iiica>1ircs «tf leiijith, 
measuring tipos, etc. For tins purpose (lUiUaume has uitnKlncod 
an alloy containing '16 jxt cent. <'f nickel ami about 0 2 per cent, 
of carbon under the name of invar* Kvery baicb of tlic alloy 
is tested, and it is soM in throe gl ides exim supmor, 
superior, and ordinary with guar.inteed luixiiinim coctlieient.H of 
expansion o(^'0'00008, 00(H)01.\ and Oimoicjf) p, r (uie degree 
respectively. The aveta.'e tigure m, boweso, well within tlieso 
limits, and a recent test show rd a slight contnetion e.pmf to 
-0*00000005 per one di-gi<x*. In .iddition to thiK vabmldo 
property invar is much Ic.sh rcmlily corr-Kled and oxuliaed than 
oqdinary steel. 

Alloys poiwc.ssing these remarkabh* projtertn H might be expected 
to reveal interesting stinetureH .vlon exutinmd microMopically, 
and such is found to be tlie cis.- Tho alloys rrmy be (iivido<I 
into three grunp.s according to llicir structure, Those containing 
loss 4han 8 per cent, of nickel have the Bamo strucliiro us ordinary 
carbon steels; tiiohO contaming from 8 to 25 per cent. poHscHS a 
martensitic stnicturo chiiMcteriBiic of quenched cirbon steels; 
and those rontaitimg^more than 25 [ler cent, exhibit a simple 
crystalline structure charactenstic of j»mc im'tals and homogeneoui 
so)^ solutions. These limits uro not absolnii-ly dchiicd, as there 
is no sudden change between the cronph, and the change takes 
plaoe with somewhat lower percentages of nickel if tho quantity 
of carbon is increased Thus with an alloy c<aitaiiiiiig 0*8 per 
cwit. of carbon the first change occurs when 5 per cent of nickel 
is passed; and the second change takes place wiien 15 per cent, of 
nickel is reached. Quillet represents the influence of carlx>D 
on the structures of the nickel-iron alloys in the form of the 
diagram here reprodifced (lig Hi). The alloys lying within the 
PaUDted 1897, Ko. 11 69fi 
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triangle DBF have a pearlitio struoture,. those within the trlangl< 
BCF are martensitic, and those above the line AF are ciystalliA 






IKON AliLOYS. SOI 

iLagas between the pearijtic and martensitic, and the martonsitio 
[tnd crystalline respectively. 

Knowing the stmctni'c of the alloys the mcdianical properties 
might l>e fairly accurately prwlicted. Detenniuations of the 
mechanical properties have^been made by a luiinber of workers, 
including HadfiolcUtind wlukso work must he referred to 

for detailed figures It is only nocesHury to sjiy hero tljat with 
the addition of nickel to steel the IcukiK- strengtli and olastio 
limit increases regularly with increaKing additions during the 
pearlitic stage. When tlie martensitic stage, makes its appearance 
the tensile strength and ela^tlc limit siso rapidly, reaching a 
rauximum about tlie mid<ll(' of the nmrtpu^ltle stage, and then 
decrease rapidly until the cry.staliino stage m reached, wlien the' 
variations are small and regular. The rapid rise in the tensile 
Strength in the inartensitio steels is accompanied liy a correspond¬ 
ing fall in the elongation and contraction. 

The pearlitic steels are stronger tiiaii the corresponding,caflion 
steels, tbuugii tlie mcrc<m« is not very great. They are very 
little harder, but then rosistunce to slux-k is considerable. 

,The martensitic steels arc very much si l onger jyui harder 
than ordinary steels of the same csrlion content. They show a 
high elastic limit, and thoir re.sistam e to shock is moderate. 

The crystalline steels possess the usual propoiiies of pure 
metals and homogeneous solutions with Kimilar htiiiclurts. They 
arc jiot particularly hard, and have no great degree of sticngtli. 
They are, ho\sever, extremely ductile, and withstand shock 
remarkably well. 

^8 regards the influence of heat treatment, it may be mentioned 
that the pearlitic steels quenched from a lempeiature above thoir 
tr|Hsformation point are converted into martensitic steels just as 
in the case of carbon steels. The quenched alloys have, therefore, 
a ftgher. tensile strength, but are brittle. The martensitic steels 
containing low percentages of nickel are also^ardened by quench¬ 
ing, owing to the fact that the quenched alloys dbnsist entirely 
of mertensite; whereas in the slowly^cooTed alloys a certain 
amount of free a-iron separates out between the martensite. The 
steels containing highc^ percentages of nickel are unaffected by 
quenching, and tbose*bordering on the third or crystalline group 
nf alloys ar^slightly softened. By cooling in liquid air some, of 
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the orystalline eteele can be trsnstprmea into inoee. vitl 
martensitic Btruetures. ' 

Considering the structure of the alloys together with th^ in-, 
formation obtained from their cooling curves, it will be seen that 
nickel lowers the points of transfornpition of steel. When more; 
than 8 per cent, of nickel is present th’o change Ar, does not fake 
place until the alloy is cooled below the normal atmospheric 
temperature, with the result that these steels possess the niaiv 
tensitic structiire and meclianical properties oharacteristic'of steels 
hardened by quenohirg. Nickel steels, therefore, containing fropi' 
8 to 26 per cent, of nickel may be classed as self-hardening steels. 

' . Nickel steel possesses a high electrical resistance, and an alloy 
containing 26 per cent, of nickel and about 0'8 per cent, of carbon, 
possessing a resistance about ten times that of iron, is used in the 
manufacture of resistance coils. 

The following table gives the composition of a number of niokel- 
iroli alloys and the purposes for which they are employed. 


Iron-Niokbl Alloys. 


Oompfisition. 

ApplicatioDB. 

c. 

0-06 to 0'J6 

Ni. 

2 to a 

Weldleas steel tubes. 

0-3 to 0-4 

?toS 

Qun steel. 

0'8 toO'6 

ItoS 

Cranks, crank shafts, etc. ^ 

0'2 

8 to S’5 

Boiler plates. 

0-6 

3-6 

Tyre iteel. 

0'2 to 0-4 

6 to 6 

Connecting rods,'axles, etc. 

0-26 

30 to 32 

Motor valves. , 

07 toO'9 

25 

Ferro-nickel resistance wiie. 

0-2 

83 

Invar (Guillaume’s non-expansible alloy). 

0-16 

46 

Ouillamno’a platinite. 


, Manganese Steels. 

Manganese) like nickel, lowers the temperatures at which, the 
molecular changes take place in steel. Osmond has shown thaif 
when 3 per cent, of manganese is reached the alloy possesses only 
one critical temperature, Arjj,, at about 400'; and with 7 
' oent of manganese this change does not'take place above-the 
ordinary temperature. The microstructure of the alloysjn 
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to those of iiiokel. In the case of low carbon steels those 
(fntoining less than 5 per cent, of miingaueee have a poarlitio 
structure; those ountainiug from 5 to 12 per cent, are martensitic, 
^beyond 12 per cent, the structure is crystalline. With a higher 
percentage of carbon smalljr quantities of manganese suffice to 
produce the same structura; thus witli 0 8 per cent, of carbon a 
change in structure occurs when more than 2 per cent, of manganese 
)is reached, \mt in the higli-cariion alloys tluillet is of opinion that 
the oonstituent is troostite and not martensite It’is also worthy 
of note that in the pearlitic stcel.s the poEirlite, which contains s 
double carbide of iron and manganese, ie much mure lirokcn up 
and granular than that found in oi-dmary carbon steels, ami has 
Borne resemblance to sorbite. 

The influence of heat treatment upon mangiinese steels is very 
muoh the s.imo as in tlie case of the nickel steels 

A similar diagram to that employed in the case of the nickel 
alloys may he used to indicate llie stmctiire of tlie inangai/tjse 
alloys (tig. Ho). The increase ni tensile strength and elastic limit 
due to the iiitroductMm of manganese into steel is small during 
thp pearlitic stage, but rises wtien tho rnarloiisitic stage is reached. 
These steels are extremely hard and brittle, and are of no 
practical use. When the cry.stalline stage is reached, however, 
the alloys lose their brittle ciiaraeter, lint retain a very con¬ 
siderable degree of strength and hardness 'rheso steels are 
represented by the well-known Uadfield manganese sieel, which 
contains about'13 per cent, of manganese and 1 per cent, of 
carbon. 

‘Chromium Steels. 

"Jbe influence of chromium on steel is somewhat diflerent to that 
of nickel and inanganese. It appears to raise slightly the point 
Ar,’; but according to Osmond tlie point of magnetic transforma¬ 
tion is only slightly affected. 

As regards the constitution of {he chromium'steels, those 
containing loss than 7 per cent, of chromium are pearlitic, and those 
containing from 7 to about 15 per cent, arc martensitic. With 
more than 15 per cent, a double carbide makes its appearance in 
the form of small particles, which are perfectly white and very 
fattd. ,A« in the case of nickel and manganese steels these changes 
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oeases to be pearlitic wth ^ per cent, of chromium. The peaHitic 
Steele are stronger ami luu'dcr tlian tliocoiresiwnding carbon t^teels, 
but BoiViCwhat more iiritile. Tiiose ]K>8S6SMiig a tnarlenHilic 
structure are extremely liaid and give high tctisiio te.sLa, but are 
not ae brittle as miglit be ejt}>^otcd until the cl»ronmim present is 
sufficient to produce the dtitible carbide. When an appreoiable 
quantity of tins constituent is present tlie allins give low tensile 
tests and good olongatioiiH, ;w in the case of the cr\slalhne alloys 
of nickel and ni:ingane.''e, but. unlike tlu*^e nlloys, tliey are very 
brittle on aocouut of th*- presence of tlio doiibW' cariude 

As regards lieat treatment, the pearliti# stu-is are converted 
into the hard martensitic \nnely by quenelung, and the martensitic 
and carbide steels are sligltlly s.iftcned by the hiuiie trealnienf. 
Only the pearlitic steeds are of any nidiistna] value ’Hii’y are 
largely used as tcol stcels, and also for uiniour plld^‘^ and armour- 
piercing projectiles. Tlie Bt«‘el used in the nmmifai.ture of pro¬ 
jectiles eontauis aljout 1 per cent, (^f carbon and 2 to ^ per coni, 
of chromium. Chioniium is also oia.iMoually ad.led steed 
intended for spiings and tyres, and is frequently a couHtitueut of 
higlvclass tile-steols. 

Tungsten Steels. 

The constitution of ilie tungsien Hteds m h-ss (annplex than 
those previously eonsideicd With 1 (;sk tliaii 10 par tamt. of 
tungstaii the alloys of low carbon content are juMrhtie, but vslieu 
more than this quantity is present a double caibnle of non und 
tungsten makes its apj>eHrance. In ibc high carbon steels (bis 
double carbule appears v\Jien 5 per cent, of iung.steii is pUhcnt; 
but in neither case does on inleimediate nmrtensiiic structure 
ocout^ as in the chromium steels. The addition of tungsten 
increases the hardness and tensile strength of steel and, to a less 
extent, the elastic hunt, without, however, any noticeable increase 
in brittleness. With llie formation of the double carbide tlie alloy 
becomes very brittle and'hard, with a high tensile strength and low 
elastic Jimit and elongation. It is thertTore the pearlitic steeln 
approaching the double carbide alloys that are of induHtrial value. 

The effect of quenching on these alloys is similar to that pro¬ 
duced in carbon steels, but much more marked; and by simply 
^lit^ in air they attain sufficient hardness to enable them to 

20 
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b« nged_M toolnsteek These steels are represented by ttiy 
known Mushet self-hardening steels. The compositiofi bf.'.l 
number of Mushet steels is shown in the table:— 



Of 

0T9 

05 

i-!i7 

50 

1-72 

05 

2-66 

16 

2-11 


Ow^nt ,, 
Imperial „ 


Tungsten Steele are occasionally used in the manufacture of 
springs, the alloys employed tor this purpose containing abotii 
0'6 per cent, of carbon and 0 6 per cent, of tungsten; they |jfe, 
also used in the manufacture of permanent magnets, the steel ip 
this ease containing either 0'6 to 0 7 per cent, of carbon aud '.4 
to 6 per cent, of tungsten, or I'O to 12 per cent, of carbon and 
7 to 8 per cent, of tungsten. 

Molybdenum Steels.. 

The effect of molyWenum on steel is very similar to that of 
tungsten, but much more strongly marked. That is to ea.y,.i 
smaller percentage of molybdenum is necessary to produce the 
same result. Thus in carbon steels containing 0'8 per osnt. bf. 
carbon the double carbide of iron and molybdenum is formed- 
when more than 1 per cent, of molybdenum is present. Oni 
part of molybdenum, therefore, is equivslent to about 4’6 pari, 
of tungsten. 

The pearlitio steals have a high tensile strength and eNdi 
limit, which increases with the percentage of molybdenum^; 
while the elongation and brittleness show a slight falling-off- U 

Molybdenum stools have been used as tool-steels, but miatly'i 
in oonjunotion with tungsten, and sometimes with chromium. 
tungsten. The principal use of molybdenum steel, how»Ter,;l^‘ 
for the manufacture of permanent magnets, for which ptarpb^ 
they are superior to tungsten steels. The nsual compcenhufo^ 
these steels is about I'O to 1'6 per cent it carbon and-d.^ 

'cent of molybdeiiom. 
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Silieon Steete. 

constitution of. the silioon steels differs from those proTiouslj 
tonsideM, inssmucb as silicon forms neither a double carbide dor 
a solid solution in all proportions with iron. It combines with 
iron to form a eilicide corresponding to the formula FeSi, which, 
Within certain limits, formsh solid solution with iron. It follows 
tijat the constitution of the silicon steels is independent of the 
carbon present. With less than 5 per cent, of silioou the alloys 
possess the same structure as onlinary steels; but beyond 6 per 
cent the iron containing sdicide in solution appears to be incapable 
of dissolving the same quantity of Mrlioii, iftid a part of the carbon 
is thrown out in tlie graphitic condition. When the silicon 
exceeds 7 per cent, the whole of tho carlton is found as graphite. 

Silioon steels are tmrdcr tliun ordinary carbon steids, and posscia 
a higher tensile strength and elastic limit; but their resistance 
to shock is not great when more than 2 per cent, of silicon Js 
present. Those containing free graphite are useless. 

Quenching hardens the pearlitic steels, and tin- effect Is miioh 
greater than in the ease of carbon steels. 

lihe principal application of sdicon steel is in the manufacture 
of springs, the percentage of silicon for this purpose varying from 
0-8 to 2'0, with carbon from 0 7 to 0'4 respectively. In addition 
to these true ^ilicon steels there are steels containing somewhat 
higher percentages of silicon than ordinarily met with in carbon 
steels.* In the manufacture of those steels silicon in the form of 
ferrosilicon is added to the metal in the ladle before teeming, and 
answers the double purpose of eliminating oxygen and adding 
silicon. The destruction of oxide gives a fluid metal which yields 
castings free from slag and blowholes ; while the excess of silioon 
readars the steels Stronger, harder, and tougher. Steels of this 
desetiptioo, such as the well-known Sandberg silicon rail-steel, give 
ap intjreased life of more than 100 per cent, in actual use. 

- Alloys containing high percentages of silicofl are pow largely 
used in the cast state under the name of tantiron for many 
pai^posss where a metal possessing a great resistance to corrosion 
b'TCquired, The alloy is brittle and requires considerable skill 
:.ilii .easting owing to its shrinkage, but in the form of evaporating 
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Iron. 

. . ... . 82-60 

Silicuii . 

. 18-90 

Cnrboa . 

.1'12 

Manganosu 

. 0-80 

riiosphoius 

.0-63 

Sulphur . 

. , . . 0-10 


Vanadium Steels 

Vanadium appears to exert astroiifjer iiillucnce on the properties 
of steel than any pther metal. With loss than 0 7 per cent, ot 
vanadinm the alloys aro pcarlilic, but with more than this 
amount a double carl^ide is formeil 

The tensile strength, elastic limit, and' hardness rise rapidly 
‘ with the addition of vanadium, while the elongation only de¬ 
creases slightly, and there is no increase in brittleness. With 
the aiipearance of the double carbide, however, the brittleness 
mpidly increases, although tlic elongation and reduction of area 
increase and the tensile strength and elastic limit decrease. 

The pearlitic steels are hardened by (jncnching in the same 
way as carbon steels, but to a greater degree. 

Only those steels containing less than 0'7' per cent, of vanadium 
— that is to say, those consisting of pcarlitc -.are of any indiistfHal 
value, and the addition of vanadium up to this amount poissessesThc 
unique property of greatly increasing the tensile strength and elastio" 
limit of thusteel without any corresponding decreasoiin theelonga-' 
tion or increase in brittleness. Unfortunately, the high price of 
vaiiailiiim is a serious drawback to its use except fur special'steels.. 

Quaternary Steels. 

In addition to the ternary steels just described a large number' 
of quaternary, or even more complex, steels are in use at tte 
present time. It is impossible to describe these complex steels, 
but it may be remarked that their constitution is in everjj w»y 
comparable with the ternary alloys, and not more complioated. 
By adding t^wo or"inore metals, however, it is often possible'tb: 
obtain a steel combining the useful properties conferred by each' 
ot the,added metals singly. , , 

The more important of the-quaternary steels are,the uickfj-;, 
chromium, chromium-tungsten, and manganese-silicon, while the! 
nickel-vanadium, chrome-vanadium, and nlcktl-tun^rteg hsve 
desoribed and appear to possess properties which shpi^ eninlt|e 
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ter them a sucoeseful futnre. Among the more complex steels may 

mentioned the chromo-tungston inolyUlemnn slwls, wluch, in 
the form of tools, may be u8(h 1 at a speed which nuimtnins tliem 
at a red heat without sud’enng auv Korioijs dotvrioration. 

As regards the apph< ation:>of the <{iiatern.»rv Mtl‘ttl^ nieiitioiKMl 
abdve, the riiokol-chnune stools uro usni fur antUMir plates ami 
armour-piercing proj^'ctilu'- as well us foi tlie sliaftN and geaniig 
of motors. Tlie coinpoKition of tin' «,'mj'l(i\«d loi tlu^ao 

ptirposes is as follows . — 

C Nd ft 

Armour plates . . . 0‘J 0 5 a^i..0 ) <) i.i J 0 

Pro]e<'til«?H . , . . (t'(j 2 2 

Shafts, gfiiiiiij', < I'. . . 0 •'t<i 0 r> 0 I.'0 T) 

ChiMiim-tungslen sic U are useij ('ntin-h as lii’li>|vred toul- 
Bteel. Tho following tulile '•iiow's the ei>i()p))-.!tion <»! a number 
of s^-cels used for lugh K[H.*ed umk In {Ik-'C steals Miang;un*N<* 
is always low, ai>d sdicon fjsii.dlv altout 0'2 per ecni (.''urlu^n 
varies from 0’2 to O'S per cent 

('0M]'(»siTl0N' or (’nieiMi: Ti'.nomI'N Tool, SiK rt,s. 

Nuiijl..a- C W Cl M„, I 

1 .on I'-M) , au j .. I 

‘2 , ; If)-: i 4 •. 1 ... | 

'i II'ir. 13(1 I 11} ' 1 

t 0 4.'. 'If. 2 1 I .. I 

f. . 0 (.11 MI 8-0 ' 

6 ' one 7 ' 2 1 

7 0 <,0 1* 9 2 H 

8 0 ■'0 1 8 , 2 9 ; 

y j 0-72 i.i2 I .. i 

10 ,0'r.o 12 u I :nj i lu i 

n ' O'f.o r. 0 3 0 4 0 ; 

Tlw structural constalm'iils of (juateniary steds are the same as 
those^found in ternary steels, and the same leliUmns between struc¬ 
ture and mechanical properties Imld goinJ With sniidl additions 
of Other metals tho alloys are pearhtic, whilif with Jarger addi¬ 
tions the structure may consist of martensite, pearlite and carbide, 
pearlite and graphite, or sorbite and carhule, and with still largci 
additions, martensite and carbide, marteiihile and graphite, ferrite 
and graphite, y-iron, y-iron and carliuh^, or y-iron and graphite. 

The prejeoce of graphite indicates silicon in fairly ingh per- 
^oentagea* 
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Martensite indicates nickel, manganese, of chromium ;' 
ndioates a high percentage of nickel or man g ane ae^ or. 
ogether. 

In conclusion, we cannot do better than quote the words of 
Juillet in summing up the alloys of industrial value. aW 
lointing out that the steels containifig graphite are useless Wm! < 
hose containing martensite are too hard to be machined, he adds f: 
—“ The steels containing carbide are devoid of interest if they also 
contain y-iron. It is only when they are pearlitic or sorbitio ^t ; 
'they can be of commercial utility, and even in this case they can 
offer but few special oitlete for employment, the most interesting 
of which are for tool-steels and for ball-bearings. There remain, " 
therefore, but two structures—pearlitic steels, and steels contsip- 
ing y-iron. The latter can only be obtained by the use of high 
percentages of nickel, or of manganese, or both, in order to avoid : 
the production of steels easily transformed by quenching, annealing, 

- cooliiig, etc. These percentages should be higher than is usually 
believed to be necessary, and the cost of production is proportion-' 
ately increased. Further, ikis necessary to remember that thei* 
elastic limits are lower and that they are difficult to maoMne, < 
This renders their applications exceedingly limited. 

“Thus, the following conclusion is arrived at;—Putting aside 
■ steels containing poarlite and carbide, or sorbite and carbide, which 
are of great interest as tool-steels, and in certain special instaacM 
for mechanical constructions, and steels containing y-iron, of‘which 
use can only be made in exceptional circumstances, the only ' 
structure which should be sought for general purposes is pearlitei 
This being so, the statement may be further made that steels poi^ 
sesaing this structure and its accompanying mechanical properties 
should not, as a rule, coutain high percentages of carbon.” 

Oast Iroa 

Cast iron„ or pi^-iron, as it conies from the blast furnace is 
oUsseif or graded according to its fracture. In other words, it is 
classed according to the condition of the carbon, as the nature of 
the fracture depends upon whether the carbon exists as graphite 
or combined carbon. The method of grading and the numbeir'c^ 
grades vary in different localities, but the iron witla the 
open grain and grey fraoture in which the carbon occurs'alx^ist. 
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M graphite, is always known as No. 1; and “white* 
itfhh, ihi'which the carbon is entirely in the oombined form, is the 
last of the series. The following analyses, due to Ridsdale, show 
idle composition of a series of Cleveland pig-irons 



No.K 

No. 2. 

No. 3. 

Forge. 

Mottled. 

White 

OftrboD, graphitic 

3*20 

8'16 

3-16 

2 72 

1-84 


combined 

trace 

0*20 

0-48 

0 68 

1*26 

8-06 

SUicoQ 

8-50 

2-90 

2-69 

1'93 

• I'Ol 

0’87 

Sttlphtir . 

0-05 

0'06 

0-08 

0-10 

0*82 

0’40 

Pboaphortii 

1-67 

1-69 

1 T.? 

•1-65 

167 

1-60 

Uasganese. 

oes 

0-62 

0 uo* 

0-75 

0-62 

0*42 


From these figures it will be seen tiiat carbon and silicon are 
the important elements, and, to a loss degree, phosphorus. More¬ 
over, it will be observed that there is a relation between the 
ainount of silicon and tlio condition of the carbon; as the silicon 
decreases, more and more of the carbon is found in the cotobifled 
condition. The constitution of cast iron is, in fact, similar to that 
of sjwl in miny respects, and we have already seen that silioon 
combines with iron to form a silicide corresponding to the formula 
FejSi, which is more soluble in iron than carbon, and throws the 
carbon out of solution in the form of graphite. The condition of 
the carbon in cast iron depends, to a certain extent, on the rate 
of cooling; rapid cooling tending to produce a hard white iron 
and slow cooling a soft grey iron. It is true that a very soft iron 
cannot be converted into a white iron or a white iron into a grey 
by cooling slowly or rapidly; but with the stronger “forge”, 
^rons lying betweeb th» grey and white, the rate of cooling is a 
(natter of importance. With such an iron a small casting which 
hae> cooled rapidly might be found to consist wholly or partly of 
white iron; while a large casting of the same metal would consist 
of grey iron. Now, white iron is too hard to be machined; so 
that the small casting, if it requires any finishiag, is unsatisfactory, 
and a greyer or softer iron must be used. Hence iJ Mows that 
the percentile of silicon in a cast iron should be regulated accord¬ 
ing to the site of the casting; the smaller the casting the higher 
the percentage of silicon. 

Sulph^ occurs in cist iron as manganese sulphide, where there 
is' mffieient this metai; but in some white iron, where the 
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sulphur is high, it is found in the form, of sulphide of iron sur¬ 
rounding the sulphide of manganese. ’ i , 

Phosphorus couibiiies with irun to form a phosphide Fe^P, 
which is soluble in iron to the extent of 1'7 per cent. Beyond 
this quantity free phosphide separatps out and forms'a eiiteotio 
which melts at about 910'. I’iiosphoins, howcv(ir, forms another 
eutectic with the carbide, whicli Stead has described as the 
phospho-carhide eutectic. This eutectic has a much finer structure 
than tiie iron And piiospliide eutectic, and frequently forms Iritiges, 
as shown in photograph 7 Owing to tlie low uicltiiig-poiut of the 
phosphide, eutectic iidii high in phos|ilioriis is extremely fluid and 
gives lino castings, hut tlic metal is brittle. The cuustitueats of 
_grey cast iron, therefore, arc gra[ihite, ferrite coutaihiiig phosphide 
and silicido in solution, phosphide of iron, snlpliide of manganese, 
and carbide in the form of a phosplio-carbidc eiiLectio. In white 
iron the constituents are manganese suipliide, iron sulphide; 
cafbide, and phosphide. 

Stead has shown that where massive carbide and phosphide 
occur together, the only satisfactory way of distinguishing 
between them is by heat-tiiiting the speciiiien, when the oarbide, 
will he found to oxidise more readily than the phosphide. 

As rcg.irds tlio composition of cast iron for various purposes, 
sulphur should never exceed 0"09 per cent, and phosphorus should 
not exceed 0'7 per cent, if strength is required. Manganese 
should not exceed 0'7 per coni, except for chilled castings. 
Silicon varies according to whether a hard, iiicdiniu, or soft iron 
is required, but average ligurcs may be taken as 1'4 per cent, for 
hard iron, 1'8 per cent, for medium iroii^aiid 2'5 per cent, for 
soft iron. These figures are, however, only approximate, anif 
allowance must be made for the size of the casting. 

Alloys Employed in the Manufacture of Steel 

Within the last fciw years there lias been a great demand for 
alloys of iron’to be used in steel niannfacture, both as deoiidisers 
aud as a means of introducing a new constituent. These alloys 
are made either in the blast furnace or the electric furnace, and 
sometimes by means of Ooldschmidt’s alumiiiimn reduction 
process. The alloys produced in the elechric furnace are purer 
and contain higher percentages of the metals (other tliap iron) 
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than those made in the ))la8t fumaco. The first of the ferro 
^lloys to be used in steel manufacture was ferro-mangaiu*so, which 
was introduced in the early days of the Bessemer process, as .it’ 
was found to greatly improve the quality of tlm steel. 

Ferro-nranganese is made in tlie blast furnace. It consists 
essentially of iron and maMgaucse, the latter varying from 40 to 
nearly 90 per cent., and about 6 per cent, of carbon. The follow* 
ing analyses show the composition of a number of samples of 
commetoml ferro inanganoso:— 



1. 

2. 



5. 

8 . 

7. 

Manganese . 

87 92 

84-32 

60 62 


Cl 81 

.--.o CO 

41-46 

Carbon 

(•'21 

6-96 

7'00 

6-68 

0-28 

C 12 

6'62 

SUicon 

o-r.;] 

0T.4 

0 :io 

0-49 

0-63 

(I 14 

O'lO 

Phosphorus. 

0'15 

O'lr, 

(1-16 

0'20 

0-16 

O'U 

0-09 


Manganese behaves p/irtly as a deoxidiscr. Its existence m 
steel in the form of bulphnie, silicate, and carbide has already 
been discussed. 

Spiegeleisen is a forro-inanganese coutamiiig a lower percentage 
of manganese than ordinary t'erro-inanganese. It vane.s from 
about 10 to 30 per cent, of inangaix'se 

Silicon tfpiegel is an alloy of non and manganese, in which 
metals occur as silietdes. The alloy is made both in the 
blast furnace and the electric furnaec, some of those made in the 
0lectri(jfufnace being practically pure eilicide of miuigan.ese. The 
silicon in these alloys is a powerful deoxidising agent. 'I'he 
following analyses show the comjjosition of several commercial 
silico-spiegels produced in the blast furnace and in the electric 
furnace:— 


Silicon Spikoel made in Blast Fuunacr. 



1, 

2. 

8. 

• 

4. 

6. 

«. 

Manganese .... 

20-87 

20-89 

17-60 

18-90 

20-32 

20-60 

Silicon. 

14-28 

18-31 

12 62 

11-80 

10-33 

9*46 

Carbon . . • 

1-39 

1-51 

1-06 

1-89 

1-26 

1-46 

Phosph^s .... 

0-10 

0-01 

0-06 

0-08 

0-07 

0-07 
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SlUOON Spikqsl MADB in EaeTBIO Fbrnao*. 



1 . 

3. 

8 . 

4. 



IHangancsfl . . . 

74'20 

73'!0 

65'00 

61-00 

88-06 


Silicon .... 

2470 

24'25 

26-00 

21-00 

21*66 


Carbon .... 


0’66 



... 


Pfaosphonid . . 


O'Ot 


... 




Ferro-silicon is used both as a deoxidiser and for introducing 
silicon into steel. It is pade both in the blast furnace and the 
electric furnace. 


Fkkbo-Sii.ioon hade in Blast Furnace. 


. 

I. 

2 . 

8 . 

4 

6 . 

8 . 

7. 

SillCOD? .... 


13-45 

12-42 

IIH 


9-26 

m 

Manganese 


1-71 

1-17 

1-36 

1-86 

1-86 

tRlI 

Carbon . . 


r2i 



1-61 

1-66 

1-76 

-Phoaphonia . 


imi 



mi 

mg 

■ 


FEHKO-SnilCON MADE IN THE EleCTBIO FuBNAOE. 



1. 

2 . 

8 . 

*4. 

. 

Silicon 

82-70 

48-70 

75-80 

94-80 

Manganese 

0*31 

'013 

0-11 

0-08 

Carbon 

0--27 

0 09 

0-00 

0-00 * 

Phoaphonia 

0-05 

0-04 

0‘02 

0-01 

Aluminium 

0-13 

0-17 

0-08 

0-10 


Ferro-chrome is the form in which chromium is introduc^ 
into steel. It also is made both in the blast furnace and Ihe 
electric furnace. The blast furnace alloys contain from about 
12 to 40 per o4nt. of chromium, 1'5 to 2-6 per cent of manganesCj- 
and 6 to 7 per cent, of carbon; while those made in the etetfic 
furnace contain about 6'5 per Cent, of chromium and S to 10 
Cent, of carbon. Refined alloys are also made containing as much! 
as 70 per cent, of chromium and only 0‘E to 1'6 per cent.“pi 
.carbon. 













ntoN AiLoya 


aid 


i^(bTQ-tiDJg8teQ ia em{>loyed in the manufacture of tungaUn* 
It ia made by melting together Swediab iron, charcoal, 
aud tongaten powder, obtained by heating tungatio oxide with 
c&tooaL Three grades of ferro-tungsten are manufactured 
Boaunercially, the first containing about 66 per cent, of tungsten 
and 1‘6 per cent, of carbon, being intended for open hearth 
st^lr *hile the second, containing 80 per cent, of tungsten and 
Ids per cent, of carbon, and the third, containing nearly 90 per 
cent of tungsten and only about 0-4 per eent. 'of carbon, are 
intended for the manufacture of high-olaas crucible steels. 

Ferro-molybdenmn, used in the mamXacture of molybdenum' 
steels, is made in the same way as ferro-tungsten, which it 
reaemblea. It is supplied in various grades containing from 
60 to 85 per cent, of molybdenum and 0'4 to 2 or more per cent, 
of carbon. 

Perro-vanadium is now a commercial alloy, and is made by 
reducing vanadio acid in presence of iron and charcoal* in* an 
electric furnace. The alloy contains from 40 to 60 per cent, of 
vanadium and about 1 per cent, of carbon. 

^Ferro-titanium has been suggested as a deoxidiser, and its 
efficiency for the purpose appears to be undoubted. At present, 
it ia used more particularly as a deoxidiser for cast iron; but it 
may also be used for steel, and it has recently been suggested 
as an agent for removing nitrogen from iron and steel. Our 
knowledge of the part played by nitrogen in iron and steel is 
very limited, but there is little doubt that it exerts a prejudicial 
influence on the quality of the metal. An alloy which will 
remove both oxygen and nitrogen at the same time should have 
a future before it. Commercial ferro-titanium contains about 
60^er cent, of titanium and 3 per cent, of carbon; but a special 
quality is also supplied containing only 0'8 per cent, of carbon. 

besides those alloys a number of others are used either as 
deoiidisers, or for introducing another metal, or for both purposes. 
A&bng these may be mentioned ferro-uranium and ferro-boron, 
used* in the manufacture of uranium and boron steels. Such 
steels are, however, extremely rare. Perro-phosphorus, contain¬ 
ing 15 to 20 per cent, of phosphorus, is used as an addition 
to oast iijpn, where fluidity is of more importance than strength. 
:Among ^ oompfiex deoxidisers we have feiro-aluminium aiUcido, 
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containing 45 per cent, silicon and 10 per cent, of aluminium; 
feiTo.calcium silicide, containing 70 per cent, of siKcon and 16 pen. 
cent, of calcium; and ferro-sodlum, containing 26 per cent, tif 
sodium. Lastly, for the manufacture of quaternary steels we 
have such alloys as nickel-chromq, nickel-tungsten, chrome 
molybdenum, and nickel-molybdenunr. 
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CHAPTER XVI. 

MISCELLANEOUS ALLOYS. 



Ths word amalyam ia used to deacribe the alloya of mercury 
with other metals. Owing to their low jneltiiig-pointa they were 
the first alloys to be investigated, but recently they have attracted 
little attention. 

Mercury alloys with a number of metals, the union being in 
tnany cases accompanied by the evolution of considerable heat, 
but veiy few of the amalgams have been put to any use, and 
the applications of those that are used industrially are strictly 


Utnited. 

The principal amalgams are those of tin, copper, cadmium, 
bismuth, sodium, silver, gold, and palladium. 

TimunalgamB are made by adding mercury to molten tin. 
The amalgam of equal parts of mercury and tin is a brittle solid; 
but with more mercury a plastic mass is obtained which becomes 
bard in the course of a few days. This and similar alloys 
hoataining cadmium, silver, or gold, are used by dentists for 
stoppbg teeth. The amalgams are used in a plastic condition, 
adtfharden with little or no expansion. 

. (Jnpper.amalgams.—Copper does not alloy readily with mercury 
under drdiuary conditions. By mixing mercury wi A precipitated 
g^pper in preeence of mercuric nitrate solution, however, the 
jiieroury uqites with the copper to form an amalgam. 

Copper-amalgam is plastic when newly made, but becomes hard 
Sb a.diy^r two. It tnay be softened again by immersing it in 
boU^' vfater or by simply pounding it ; and it is capable of 
819 
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being hammered, rolled, and polished. hardens without ex-, , 
pending Of contracting, and on this account makes an excellent^ 
stopping for teeth, while at the same time it has the property of ,’ 
rendering the tooth in contact with it extremely hard. Unfortu¬ 
nately, however, it is rapidly blackened by sulpluir compouncls, 
and it is now seldom used, Co)ipcr-ii,inalgam can be used as a . 
cement for metals, and is also used for cementing china and 
porcelain. 

Cadmium and palladium-ama^ams are both employed as dental 
amalgams, the latter hoing considered the best amalgam for the 
purpose. D 

Bismuth-amalgam, either in the pure state or with additiops 
of lead and tin, is occasionally used for silvering glass. 

Silver- and gold-amalgams arc of some interest on account of 
their formation in the extraction of gold and diver from their 
ores. Silver-amalgam is also used for silvering glass. Silver 
and mercury form a definite compound, corres])onding to the 
formula AgjHgj. By squeezing the excess of mercury through 
chamois leather an amalgam of fairly unifonn composition is ob¬ 
tained. It contains 43'7 parts of silver to 100 of mercury, or 
Ag-^Hg^-f 4-6 per cent, mercury. 

Gold forma with mercury a compound AuHg,, and the amalgam 
remaining after squeezing the excess of ineicury through chamois 
leather contains 33 per cent, of gold. ‘ 

Fusible Metals. ' 

The expression “ fusible metal ” is usually applied to alloys whose 
melting-point is below that of tin; and the alloys possessing, 
this property may be either binary, ternary, or quaternary alloys 
of the metals lead, tin, bismuth, and cadmium. The consti- 
tutiOD of the alloys will be sufficiently clear from a oonsideraW 
of Charpy’s work on the ternary plloys of lead, tin, and bismWh, 
All the metals of tlvi fusible metal group form simple alloys with 
one another, he. they form neither compounds nor solid solutions, 
but consist of practically pure metals and eutectics. Now, we- 
know that a eutectic has a lower melting-point than either of they' 
metals of which it is composed, and that a triple or ternary epfeotie, 

>- has a lower melting-point than a binary,eutectic; so fhat,'by. 
combining three metals of low melting-point in the pfopOrtiMls 
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.forfn' the eutectic, we me; obtain an alio; whole 
is mush lower than that of any of the single metals/ 
by adding a fourth metal a quaternary euteotio of still 
mblting-'puint may be obtained. Heine has collected 
fbl^nlfs, from all available sojirces, relating to fusible alloys, and 
the following table are taken from his list. 


Fosiblb Alloys. 




Composition. 

• 

Mcltjng-i>oint 

Lead. 

Tin. 

Bismuth. 

« ., 

Oudniiura. 

' 26*0 

12*6 

60-0 

12 6 

06 •6* ■ 

.s6r 

is-s 

60*0 

10*0 

60-08 

26-0 

U-8 

62*2 

7-0 

68*6 ' • 

" S8-a 

14*3 

60'0 

7 1 

70*0 

ari 

10*8 

27*6 

34*5 

76 0 

3»'l 

20 0 

86-3 

0*6 

80 0 


■Jhe euteotio alloy of lead, tin, and bismuth possesses tjie 
property of expanding on cooling, and it is, tlierefore, used for 
taking impressions, as tlie finest detaiis are faithfully reproduced. 

The melting-points of fusible alloys may be still further lowered 
by the additiSn of mercury. 


Eam Mettal Allots. 

■Tliltinum,—The high price of platinutn is a serious drawback 
t^its use in the form of %lloys, but a few of these Src manufactured 
industrially. The alloys of platinum and silver have already 
*^(liB4'teferred to as dental alloys, and an alloy of 66 per cent.' 
IsilVpr and 34 per cent, platinum is prepared by Messrs Johnson' 
'4 Matthey as a standard of electrical resistance. A number of 
'alloye of pjatinum and copper have been suggested from time 
. Cooper’s gold, ooutainin^ 19 par cent, of platinum and 
^r,^aeeDt, of copper, is said to be malleable, ductile and non- 
^tdrCdihle; ih resembles ISdjarat gold in appearance. 
,^^jl5jjiti^m,&ntaining 10 per cept. of iridium is, perhaps, the 
alloy dftplatinum. It is now largely nsed as ot(e 
r in thermocouples intended for -the measurement.of 

21 
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high temperatures, the other wire bein§ of pure platinum.- "The 
standard metre made for the Pariaian Coininission of the Intof- 
national Metrical System in 1870 by Messrs Johnson & Matthey,, 
consists of platinum containing 10 per cent, of iridium, and was 
adopted as the material for the manufacture of the standard weights, 
and measures after a thorough trial lasting OTer two years. 

Platinum containing 10 per cent, of rhodium is also used in 
thormo-couplcs for high-temperature measurements, 

Among the'rare metal alloys may be mentioned the pyrophoric 
or spark-emitting ajioy of cerium with iron and aluminium. 
These are largely used m automatic cigar lighters. 


Alt,oys nssn for PIi.boihicai. Hksirtanoes. 

The alloys employed m the manufacture of electrical re.sistaiioes 
constitute aii important class, and although tlioir composition is : 
' very variable, it will bo convenient to consider them together in 
the li|flit of the property which renders them of value, rather than 
separately under the metals of winch they arc composed. The 
following table gives the resistance in microlims [icr cubic centi¬ 
metre of iron and nickel together with a mmibor of high resist¬ 
ance alloys used in the electrical industry :— 


NuillO. 

Description. 

Resistance 
Microhms 
per c.c. 

Iron . . , . 


n -0 

Nifkol . . . 

German silver 

Containing 7 percent, nickel 

12-3 

180 

M H • • 

10 „ . „ 

21-O' , 

»» • 

„ 20 „ 

29*0 

M >1 • • 

Platinoid . 

M 30 „ 

40*2 • 

* 

41-0 

' Tarnac 

Ciipro-niajiganese 

41’0 

Manganin . 

Capper-nickel-inangane^e 

42 t04l8 

Nickelin . 

Copper-nickel 

43*0 

Ferry. . . 

i> n 

47'2 

Constantan ^ . 

,, ,, (40 percent, nickel) - 

60-2 

Eureka 

,, ,, (similar to CousUotan) 

Cop|>er-manganeae 

60*2 - 

Keustin 

6 (1'2 - 

Ferrozoid . . . 

Nickel steel 

^4-0 

Krupuin . 

Vestaiin . 

„ „ (28 per cent, nickel) 

88 *0 

,, ,, (similnr to Kruppin) 

'¥•1, ' 

Nickel ohrome . 

Nickel-oliromiuni 

. 08*6 . 

Concordm . 
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The figures given in <.his tablo for nmnganin, niokelin, and 
r^is'tin, riJu^t. not be regarded as aecurato for all sainplcs known 
under these names, the composition of the alloys la'ing somewhat 
yariable, as shown by the following analyst's collected I'nmi \arious 
sources;— 


Alloy. 

—#— - 

CnpjKT.* 

Nickel 

Mill! 

gUlicvc 

Ziiu- 

Itoll. 

Maiigatmi 

84 II 

4 (1 

1-J (1 




S'Z'l 

‘J 8 



O'tl 


■I 8-0 

41 C 

fo 



Nickelni . 

68 0 

:1J'0 

• 



Resistm .... 

f.5 I! 

:il'] 


1.5 1 


86 :• 


11'7 


1-8 


84 3 


13-I 




- 

_ 





The electrical condiietivily of alloys has alroatlv been rt'ferrod 
to, and it will he reinemheietl lliat Mallhiessen (lividcd the metals 
into three groups' -(1) Those whoso condueUvity t-ould *be *re 
presented by a straight line muting the two puic metals when 
alloyed together. (2) thosti in which the atidiiioii of t'lther metal 
to ithe other causes a rapitl decri ast' m the eonduetivitv. thus 
giving rise to a U shaped curve: and (d) those in which the 
decrease in the eondiiclivity of one of the metals is mneli greater 
than lu the other, tliiis giving rise to an Lshapeil curve. Now, 
on looking at the examples ei\en by Matthiesson in ibe light of 
our present knowledge of the constitnUon of allots, it will be seen 
that the metals in Matthicssen's first grmip are the sjime as tliose 
which wdth regard to their freezing-point curves be (.’hateher 
has placed in the first# group of his scheme—-that ly to say, 
they form a simple senes of alloys with a eutectic. Further, the 


meUils of Matthiessou’s second group corresjamd ^ery closely 
to Lo Chatelior s third group—that is to say, the isomoriihouH or 
,i 50 li(f solution group. And those in Matthiessen's third groi^ 
Wrespond to l.,e Chatijliera second group.* We have, there- 
for^'ft] definito, relation between the constitution of alloys aud 
^thsir •lefctrieal conductivity, In alloys consisting of pure ^petalei 
and a eutectic the conductivity passes gradually from thit of 


one metal to that of the other; in alloys consi'^ting of solid 
solutions toe coi>duotivfty decreases rapidly, and ri^es again rapidly 
op'the'^her side; while in those alloys forming solid solutions and 




3W ‘ ALLOY^^: 

cpm^unds, mich as the copper-tin ape coppe^sano alioy^ 

. conductivity' decreases rapidly until the point of satutatida- i{ 
reached and then takes a sudden bend and forms an L'shaped 
curve. Solid solutions therefore possess a maximum eleottfeal 
resistance, and all the alloys in the table on p, 322 consist of single 
homogeneous solid solutidns. It is fortunate for the eleotrioai 
industry that the constitution wtioh confers upon these alloya 
their high electrical resistance is also the constitution which 
enables them "to bo drawn into wire. 
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AonARp, 91. 

Aich's metal, 18f». 

Ajax broDze, ‘2fi5. 

Alfeuide,.2I8. 

Allotropicchaji}<('«'in im-Uls, 117. 

Alloy charts, 103. 

Alloys, colour of, 40. 
defmitioii of, 2. 
ductility of, 44. 
early history of, 1. 
electrical conductivity of, 46. 
hardness of, 44. 
heat of formation ol, 61. 
magnetic, 89. 
malleability of, 44. 
luethods of juepaiatioi) of, 3. 
microscopical oxaruiiiatuui -'t, 63. 
non-expansible, 299 
origin of the word, 1. 
pouring and casting of, 27. 

mflnenwfof temperature on, 29 
preparation of, by compression, 3. 
by diffusion, 4. 
byelectro^deposition, 4. 
by melting, 7. 

by simultoneous reduction of 
metals, 4. 

by •sublimfitioii, 8. • 

properties of, 89. 
jmeciQd heat of, 48. 
wmary, constitution of, 106. 
thermal conductivity of, 45. 
ihermO'CleoWc power of, 61. 

Alpha iron, 288. 

Alamina, use of, in polishing, 66. 

Aluminium^ strength ol. at high 
: temperatures, 119. 

brats, 

containing iron, 214. 
bronse, 205. 
eoDstitndon of, 205. 
containing nickel, 2^. 

sak»>o,21d. 
eciptrsotioD of, 312. 
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Aluiiiinium*hioiizc, ooriodoii of, by 
a>ea w.iu-i, 1.33 

clfect of prolonged .uinoaling on, 
118. 

uillueiii'e of heal tivatnioiit on, 
209 

ni.iiiufaeluro of, b} Oowlo’s pro 
COS'-, 4. 

meehttiiiotil propeities of, 206, 
209. 

Jill Itiiig of, 211. 
fCiisoii eiai'king in, 207. 
copper alloys, 264. 
iiDigiiesium allo)3, 261. 
in< ko! alloys, 267. 

/.me alloys, 2f>7.-- 

\ii)alganis. 319 
ok'ctricul cuniiiK tivity of, 61. 

Andcr.son, Sir VVilliaiii, 179. 

Andrews, 03 

Annealing, inlliieticc of, 36 
“ spoiiiunoous.” 32. 

Antdnclioii alloys, 241. 
casting of, 24:'! 
causes of healing of, 246. 
classification of, 212. 
typical comp'iHiUoiifl. of 264. 2.6.6, 
256. 

Antimony, iniliieiice of, on bioss, 1H4, 
lead alloys, 236. 
tin alloys, 237. 

AI ch butt, 114. 

Argenlan, 218. 

Argiroidc, 218. 

Armour plaV-s, 809. 

Arsenic bronze, 2.65# 
influence of, on buss, 184. 

Ashtierry metal, 289. ^ 

Atomic volume, relation of, tp com 
pressibility, 31. 

Austenite, 293. 

Bakkr, 61. 
and Lang,.87. 
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Barnett, 268. 

Bauoke, 245» 246. 

Beanng.s, cause of beating in, 246. 

Behtcns, 61, 
an.J li.iucke, 24;^, 246. 

Bell Dietiil, 166. 

Bella, some latnous, 159. 

Bengougli, 118, 178.228. 
and Hudson, 178. 

Bessemer, 112. 

Beta imii, 288. 

Biliary allnya, classificatinii df. !'() 

Bisinuih amulg 820. 
i!i(luenf.e ol, dii Iuhsh, ]Sl. 
on copjKT, 111. « 

Boron, usi' of, as a dooxidisfi, 26. 

Boudouaid, 21 ) 2 . 

Bousqnet, 124. 

Boyle, 91. 

Brass, 162. 
buniiiig of, 3.5, 180 
oalamino nielhod of maniilucturr, 
4, 176. 
cast. 177. 

(Xi 8 tii.'g of, 177. 

. coiistiiiitiun of, 174. 
early lustoiy of, 163 
extruded, 182 
firebox stays, 122 . 

“higli,” fur <'old lolling, 179 
annealing ^f, 179 , 180. 

Casting of. 179. 

Tneehaiiiial iieatnii'iiLof, 179. 
iiifliieiico of aiiliniuny on, 184. 
of arsenic un, 164. 
ol bismuth on, 184. 

,of casting teinpt'i'uturo, 28 
of iron on, l >i5. 
of lead on, 182. 
of tin on, 188 
“low,”for hut lolling, 178 
mannfactiii'e of, 177 
naval, 1S3 
white, 256. 

Brasses, ecclosiiibtioal, 163. 

Brinell tost of ivai d ness 4 5. 

Britannia mdal, 239 
standard silver, 275. 

Bronze, 141. , 

ancient, 141. <. 
coinage, I 61 '. 
firebox stays, 121 . 
mfiiieiiceol'cahliiii! 0 inporalureoii, 
■ -28. 

ofho.it Lreatunoit ou, 154. 
of iron on. 158 
of lead on, 167. 
of zinc on, 157. 


! Bronze^ plastic, 250. 
stathary, 159. 

Bull’s rautal, 191. 

Burning of alloys, 83. 

Cadmium,' amalgam, 820. 

use of as a deoxidiser, 277. 
Cafamine method of making brass, 
* 4, 176. 

f Calibration of uyromeferfi, 85. 
(Ulvertaiid Johnson, 89, 46, 46. 
Camelia metal, 266. 

I'arat, dofinition of, 282. 

C.ii'boii bronze, 25.''*. 

Carnot and Guutal, 295. 

Ciirponter and R(h\iiidh, 206. 26t5. 

and Keehng, 290. 

Case liardi-ning. 38. 

Cast lion, 310. 

sloi'l, ellVct of annoiiling on, 112. 
Casting, iiilluencc of tempemrnre on, 
27. 

on glass, 66 . 
on mica, 66 . 

Ceineiitiition, 38 
Cementite, 289. 

Chabal, 241 

Charpy, 33, 63, 10.5, 154. 174, 244, 
247, 248, 2.'i3 

Chonncnl treaLim-ni, inllnoneo ol^ 1 ^ 6 . 
Cheiiiulf, 56. 

1 diioimuin steel, 3') 

Ill 6 lienee of heattieatmt-iiton, 305. 
Clainei; 253. 

CIa^'nflentiull of hnnity alloys. 96. 

; Close pltiUng, 279. 

I Coinage iifunze, 160. , 

! I5)ld slioitness, 44. 
j Colour of alloys, 40. 

Complete freezing-point curves, 96. 

[ Coin[tounds, inelullie, 95. 
j Compressibility of metals, 31 
I Compression, piepautioii of alloys 
i by, 3. 

Ooncordin, 322. 

Condenser tubes, corrosion of, 133. 
Conductivity, electrical, 46. ♦ 

; at low temperatures, 49. 

i theimiil, 46. 

[ Constantiin, 219, 322. 

; Cuiistituonts of alloys, isolation of, 
by ohnmieal means, 62. 

I by meohanical means, 88 . 

Constitution of alloys and mechanical 
properties, 91. 
relatiijn between, 107. , 

Cooling curves, differentia^ 87. 
ty^ea of, 84. , 
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Cooper’s gpld, 321. ^ 

Copper; cryeta) til at Mgh tem¬ 
peratures, 118. 

etreugth of, at vaiyiiig tompcra- 
tores, 117, 

alloys, typicalcoinpfi«iiiuiiM>f, ' 22 \k 
typical »iH‘cirtcatioji^j, i^yi. 
amalgam, 319. 

•ameiiie alloys, 228. 

for lirebox stiiy®, 123. 
•magnesimn allny.s, 227. 

• manganese allirys, 22o. 

•nickel alloys, 218 

for firebox stiys, 123 
for locomotMc boiler iiibe^, 219. 
•oxygen alloys, 22i. 

-silicon alloys, 22t) 

-tin alli;}s, coiistitnii'>n ol, !I9 
))roperfies of, Ifll, i U 
•nnc alloys, coiis1ituLi"ii .jf, 171. 
heat ot formati")! of, (>2 
j-ropeities uf, Ifif). 

Corrosion ol alloys, 128. 
causes of, 12R 

iiiduence of impm it us on, 129. 
types of, 12S 
ol coiidcnbcr tnlx's. 133. 
ofI'opper alloys iiy ai nts, ISO 
by imii'' waici. ISf). 

♦ by sea Water, 1^3. 

of It .uJ pipes by waU-i, T'.O 
<i| sU'cl ami alloys, I 10, 

Cuivles’ jiroies'^, ... alu- 

miiiiiim Inoii/r bv -i 
Cracking, “si^soii,” (j| abiiiiitouni 

bronze, 207. 
ol byiss, 180. 

Cr-Moiile, 12-! 

Crucible (urn,UTS. hri-oiit 8.' 
oil and gas llieil. 
tilting,*9. 

consiuiiptioi) ol coke ^y, 9. 

twHi-cliambcicd, pj. 

Cupio-’mugnesiuiii, 227. 

•ntiitganeso, 226. 

•nickel, 218. 

•siJIi'on, 226. 

Damak brnij2c, 255. 

D’Arcet, 57. 

Debray, 205. 

Decay yf metals and alloys. 130 , 
Definition of alloy, 2 
De lonienay, 189. 

Delta metal, 185, 256. 

corrosion of, 135. 

Demar^ay, M 
Density alloys, 89 


Dental alloy, 281 

Dcoxidibcrs used ni mcliiiigalloy s, 2(1 
I)feiivation ol Word alloy, 1 
]io Uuolz, J89. 

Dowar, 116. 

and l''lciiiiiig, 19. 

Dicgfl, 133 

I bflViviitml cooling curiC', 87. 
Dillusioji ol molLt 11 metals, f-3. 

« of solid iiK'tais, 5.0 

pii’piiialioij til allovs liy, 4. 

Dty gaUiiiiisiioj: 3 
Diit lilil\ fit xlloy.s, 1*1. 

Dumas, 297 
^ Diui(ta.S 301* 

: Diiialumi#, 2(>8 

licat. tifiitnit’iii ot, 2(i9. 

Diilaiia nii'lal, I 8'> 

Kaih V liiMoiy ot .illoys, 1. 

I Ki'cli'siasl;. .il Inns'-.11;;; 

; I'MwaidH, ’.'O'), 2o0 
I Klci me liiimmc.s, 1,'., 

' )'nck,21. 

Ciiod, 19. 

Ib niig, 2.'l 
I Jb'ioiilt, 1'^. 

1 Kirilin, g; 

I Natliiisiii'. I'l 

! Rofliling Ib'clmiiausi-i, 21. 

SlasMLlto, 17 

Eliuh n al ( oiidiicl I Hly ot illovs, 40, 
.522, C.'.l. 

al ]oi\ i. mi'i-Ml iih H i:i 
res] l.iiH'r ,'ll,ttys, ;2 32 I 

I'.t ih) dei)os)i,iijii, pji'j'.inilu.ii of 
alloy s by, 1 

i I'.locli'omottvc I'-icf ol si.lniion, 62. 

' Klei’liotypc nit’lul, 240. 

; Klt'clnim, 218, 

Ihliuids IS5, 

I I'.tchiiig ol mii'io sf'ctmns, 66, 

1 leagoiils fut iioii-l'‘j lolls im-tals, 67 
lor sii'i'i ,uid Hon, 291. 

Kuicka, 322. 

Eutectic, di'tiintion ol, 67. 

Kiitectics, sliucturc ol 9;'i. 

Eutcctiod. <i< fiiiitiou o), 109. 

Kwiiig and Rcii iibain, 06. 

E.vtrnded brass, 182. • 

Fahlum bnll]aiiLs^3r>. 
i Fiiiaday and Stodart, 55. 

! Kcntim,alIoy, 255, 2.56 
j Ferrite, 289. 

FeiTO-altimimnni silieide, 316. 

•boron, .'15 

I •caicium silicide, 316. 




328 


INDEX. 


Ferro-chrome, 814. 

•inai]nne8e, 313. 
melting of, in electric furnaces, 

23. 

•molybdenum, 816. 

•pbosphorue, 315. 

•eilicoD, 814. 

•titanium, 315. 

•tungsten, 815. 

•uranium, 815. 

•vanadium, 315. 

Ferrozoid, 822. 

Ferry, 3>2. 

Pick’s law, 53. 

Firebox stays, alloys used Ini', 120. 
aluminium lu ui/e, 1*41, 
brass, 122. 
bronze, 121. 
copper-srsenic, 121. 
oupro-manganoM', 123. 

■nickel, 123. 
phosplior bronze, 121. 

Frick electric furnace, 21. 

Furnaces, crucible, 8. 

• tiJting, 9. 
electric, 16. 
reverboratovy, 7. 

Fusibility, sujfiico of, 105. 

Fusible alloys, 320. 

Oau', 01. 

Gamma iron, 288. 

Gautier, 96, 206, 21 K, *285. 

Geriirdin, 52, 

German silver, 218. 
composition of, 221. 
constitution of, 221. 
containingHlumimuui, 221. 

magnesium, 224. 
influence of impunL)e« .»n, 22-S. 
manufacture of, 25, 223. 
solder, 225. 

Gibb’s phase rule, 106 

Qirod electric furnace, 10. 

Gladstone, 61. 

Gold amalgam, 320. - 
coinage, histoiyof, 288. 

standards, 284. 

•copper alloys, 282< 
silver alloy.i, 28.5. 

Goldschmidt thermit process, 5. 

Goodman, 287. 

Graham, 53, 91. 

Oroney bronze, 266. ^ 

Graphite, condition of, in cast iron, 
- 810. 
metal, 264. 

Qpillaume, 297,290. 


Onillemin, lu'z. 

Guillet, 154, 200, 206, 2l4, 228^ 
209, 303, 310. 

Gun-metol, 153. 

Admiralty mixtures, 229. 

specifications, 231. 
melting .in reverbeiatory fur* 
^ naces, 8. 

Guthrie, 66, 66, 67, 80. 

Hadfikld, 116, 801, 303. 

Hadlield’s manganese steel, 303 
Hall marking, 276. 

Hallock, 56. 

Hardness of alloys, 44. 

Harrington bronze, 256. 

Heat of combination of metals, 61, 
of copper*zinc alloys, 62. 
of formation of oxides, 6. 
tinting, 67. 

Heated bcaiings, causes of, 246. 
Heine, 321. 

Hercules metal, 214. 

Hering electric furnace, 28. 

HerouTt electric funiaco, 18. . 
Herschkowitsch, 1.53, 176. 

Heustler, 90. 

Heyoockand Nevilh*, 41, 58, 92, 99, 
•266, 271. 

High brasses, 179. 
casting of, 170. 

- mechanical treatment of, 179. 
speed tool .steel, 300. 

Hill, 228. 

Hiorns. 221. 

Hogg, 90 
Hopkms, 241, 

Hopkinson, 297. 

Howe, 63, 140. 

Howorth, 114 
Hoyles metal, ‘25 
Hud.som; 178. 

Hughes, 115, 124. 262. 

Humphreys. 55. 

Hydrochloric acid, corrosion ofullo.vs 
by. 137. 

Hy d rogen, i n 6 ■ len ce of, on s teel 4luii ng 
pickling, 87. 

Hyper-eutectic steels, ‘290. 
Hypo-eutectic steels, 280. 

Hysteresis, 89. 

IttKWSKf, 294. 

Illunuimtors for microecopy. 70. 

I mmadium bronze, 204. 

Impurituis, influence of, on metals, 

112 . 

Invar, 299. 
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jlOQ. allotro^io changes in, U7. 

: ' alloys, 287. 

* i^bonyl, 8. 

'■ influfince of, on brasw, 186. 
iubifttion of oonstituents of alloys, 62 
Isomoi-phism, 97. 

JiOOBY metil, 264. 
j&panese art metal work, 41. 

Jars, 276. 

Johnson and Mattbey, 821. 

Juptnor, Baron, 293. 

KakuaBSOH metal, 264, 

Kelvin, 61. 

Ejellin electric furnace, 21. 
Kourbatoff, 294. 

Kruppin, 322. 

KUnzel, 189. 

Lafond alloy, 266. 

Lang, 37. 

Lantsberry, 209. 

Tjsttens, 163. 

Laurie, 62,152. 

Lead, influence of, on brass, 182. 
on copper, 111. 

•antimony alloys, 236. 

•pipes, corrosion of, by water, 130. 
?tin alloys, 284. 

Le Blant, 122. 

Le Cheteher, 32, 49, 83, 68, 89, 1H>, 
117, 174, 206, 823. 

Levelling of micro-sections, 69. 

Levol, 67, 271! 

Linotype metal, 237, 240. 

Liqnnon, 66. 

of standard silver, 276. 

Liquidus curve, 99. 

Locomotive boiler tubes, coppei 
nickel, 219. 

Lodge, 63, 158. 

Longmuir, 29. 

Low bi’asses, 178. 

Lumen metal, 266. 

Lyn^b, 249. 

Mach, 2'62. 

MagnAlium, 261. 

Magnetic properties of alloys, 89 
ilagnolia meUl, 2.64. 

Haillochort, 218. 

Mdillet, 218. 

Ualleabtli^ of alloys, 44. 

Mallet, 89. 

'Manganese'broiize, 200 i 
cobtoi^g nickel, 204. 
conosion of, hy sea water, 134. 


Manganeac Inonzo, ilreboz stays, 123. 
propellers, erosion of, 204. 
steels, 802 

sulphide ill steel, 112, 296. 
.Mangauin. 322. 

M iigruff alloy, 264. 

MarUns, 63. 

.Martensite, 289. 

Matthey, 68, 276 

Matthiesaen. 89, 46, 47, 49, 91, 287» 
823. 

Matweof, 38. 

■ Meihaiiical propertibs and C'liistitu- 
tion, relation between, 107 
tieatiuontj influeiiro of, 31. 

Melioid, f91. 

Mercklein, 67. 

Mcrget, 91. 

Metal boMeis foi micri)seo))y. 69, 
70. 

Metallic conipoumL, 96 
oxides, boat of formation of, 6. 
Metals, allotropic clianges in, 117. 
electromotive torce of solution of, 

heat ofconibiiiatiou of, 61. 

Mica, casUiigoii, 66. 

Micniinetei microscope, 79. 
Miciohi-ojics, 72 
horizontal. 73 
stereoscopio. 79 
veitical, 78 

Microscopical cxtunination of alloys, 

68 . 

Micio sections, etching of, 66, 
hc.it tinting of, 67. 
levelling 69. 
mounting of, 69. 
polishing of, C8. 
systematic eiuinniati<<n of, 68. 
Milton and Larke, 132 
Minofor, 239. 

Mirror illuminator, 70. 

Mizu-nagashi, 48. 

Mohr, 61. 

Mokum4, 43. 

MolyM'-num steel, 306. 

Monel metal, 6, 220. 

Monotype mUal, 287, 240. 

Moulds, 80. * 

Muntz metal, composition of, 178. 
constitution of 178, 
influence of heat treatment on, 
178. 

rolling of, 178. 

Mushet, 112. 

steel, 306. 

Musschenbroek, 91. 
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Nathusji'B (‘Ii'clnc fmtmco, 19 
Niival brasH, 1815, 

Ncu-silvor, 218. 

Nevada silver, 218. 

Nickel, ullouupy of, 117 
caiboiivl, 8, 
iron alloys. 21*7. 

' cun)|i(i.siliuii (il, 302. 
silver, 218. 
steel, 297. 

lIlQuClice of heal lltMliJii'Iit oil, 
301. 

Non-exjtaii.Hiliii Alloys, 299. 

Non is, 2 Hi. 

Nozo, 211. 

4 

Obach, 52. 

O.sboriie RcviV'Ms. 241. 

Osnimul, 03189,2H8, 293, 297.302,303. 
Oxidation, ])i>.'veiitioij ol, duiuig 
inelting, 20. 

Oxides, he.iL of foiiiiiit.inii of, C 
inlliienee of, in nielling, 25. 
on corrosion, 129 

Paokfono, 218. 

Pallailiimi amalgam, 320. 

Paikos, 201 
Paikinsoii, 201. 

Parsoii.s’ mangaiie''e hhiiize, 201, 
white brass, ‘.'50 
Pailiiiium, poo. 

Patina on bronzes, 42, 1.59. 

Pattinson {(h-eess. fiG 
Pearlite, 1('9, 289. 

Percy, 183, 20.5 
Pewter, 235 
Phase rule, 106. 

Philip, 138. 

Phosphoi-bionze, 189. 
oast, 190. 

constitution of, 192, 
containing lead, 194 
conosioii of, by sea vvatei, 134. 
firebox stays 121, 
nialleable, 190, 
tests t)f, 19.5. 

•copper, constitution of, 225. 

mamifaolure of, 22C. 

-lilt, 189 

VlKwpliorus, as a deoxidisei, 189. 
condition of, m cast iron, 312. 
in stool, 295 

influence of, on copper, 110. 
Photo-mierogiaphy, 72. 

Pickling, 36. 

alteration in composition caused 
« by, 38. 


Pickling, influenec of liydrogou 
evolved duiing, 3?, 

Pineh effect, 23 
Plastic bronze, ‘250, 2.55. 

PUtiiiite, “299. 

Platinoid, 224, 322 
Platinum nidiuin alloys, 321. 
•ihodium allny.'^, 822. 

-Sliver alloys, 321. 

• Platnam, 221. 

Piuitibcrs’ boMor, 235. 

Polishing 111 lelief, 66. 
methods of^ 63 
powdeis, |»iejniration of, 6.5. 

Potosi silvc), 144^*. 

Potiimgand c.i'tiiigofalloy^;, 27. 
Ptepaialii'ii ot alloy,s by cotiipiessjon, 
3 

by ditfusinn, 4. 
by cleeti'i i]<']iosit 1011 , 4. 
by inciting, 7 
by redue.ti'Ui af metals, 4 
bv siibliinnlinii, ;; 

Pii‘sei\uln>n o( [)ulislied sinf.ie.e.n, 68 

Piniiiiise, 8. 

]‘iisni illuminator, 70. 

Pnijioities of alloys, 39. 

Piotei'live coalings, P’.I. 

Pyu'iiieteis, ciihhruLioii of, 85. 
lesistance, 81. * 

Robeits-Auhteii iifordilig, 83. 
thormo-elcetiic, 81. 

I’yiophoiicalloys, 322. 

(pfATKRNAUY steels, 358 
(.bmcti’.s metal, 239 
Quern hing, 35 < 

iiifluenei' of, on bionze, T54. 

RAoiar, 92. 

Kaic metal alloys, 321. 
hate of cdoliiig, iiifiiieiiw' of, 29. 
Rayleigh, 51. 

i Reageiila for etching polished sur- 
facc.s. 66, 67 " 

Ucaunuir, 91 
Jteeale.sceiico point, 288. 

Ucem ding pyromeier, 83. 

Red shoitncsH, 44. 
llegiianlt, 43. 

Reichert iincioscitpe, 77. 

Reiiiders, 239. * 

Relation between const ituentfl aad 
|>iO|ieities, 107. 

Relief polishing, 66 
Ronnie, 24^. 

Itesilieiico, 45. fc' 

Resistance pyrometer, 81. * 
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Kuftistin^ 322. 

Keveibei^toiy funmoCs tui iiielting 
alloys, 7 . 

cnijsunijition of coal in, 7. 

Rho'iin, iy7. 

Ru'lic, 39 
Riclsflalo, 311. 

Roberts-AUhtcii, 1, 10. -ll, 53*65, 
66, 57, 5^. 60, 63, 8f, >' 7 , 
174,211,271,282, 083, 28, 
287. 

Itochlnig-RodeiilmiisM eleolnc Aii- 
n<ic«‘, 21. 

Roo/ebuoTri. 107, 290. 

Rose. 33. 28ii, 282 , 285. 

Rosenliinii, 66 , 251 
and Au'hbiitl, 2.57. 

Kouifc, Use of, 111 jiolisliiiij;, tifi. 

Hiiolz, 221. 

Saloe inetul, 256, 

SaloiiHUi 211. 

Sundb(‘i^, 307 

Saposl)mL-n!l, -t4. 

Siiuveur, 290. 

SoliPi tel, 285 
Scliimj'li’, 44. 

Scl(-i'oiiiet('i. Iiiudiiess (f-t, 4.'i 
Sclei’oscnjK-, liHiilnrss 45 I 

Si% Mali 1, ('(Oli'Moii i>! all<'>s by, 133. | 
" Season |•laeklll^',’' 32 
ni iiluiiiunuiii brou/i', 2o7. 

Ill bi.vss, 180. 

Sliakii d", 11 . 

Slicllicld ['bit*)? 278. 

Slicjilioid. 174, 175, 2''7 
Shei.i|‘disiti^, 3. 

' Slubu-ichl. 41. 

Silicates 111 steel, 114. 

Silicon, condition of, in cusL nun. 311 
in steel, 114, 29,5. 

^spiegol, 318. 
steel, 807. 

Silico-sulphide slag 111 cast steel, 112, 
Sil^r amalgam, 320 
•cadmium ullu) 280 
oi/lnage .sUindiihls, 272. 

•coppei alloys, 271. 

German. 218. 

Silverite, 218. 

Silveroid, 218. 

Silver.plate standards 272. 
Silver-platinum alloys, 281. 
soldeis, 277. 

•tin alloys, 281, 

Simultaneous leduotion meals, 

. p|e|«iiatioij of alloys by, 4. 
Slag in jteel, 114, 295. 


.Slide valve's, cllect ol quemdiiiig on, 
114. * 

Wear >'f, 115. 

Smith, 278. 

Solder, clr, meal, 240. 

(.ieiiiMii silv, 1 , 225. 
plmiibi |s’, 236 
sihei, 277. 

tni-'iiiillis'. '2Af) 

Solid''■ihilloo- !»3 
ll'tll lioMO g. lo > M'-, 51 
sl| iicluie I't, 'll 
Sulidus cm \o, i‘y 
Soj liiic 253. 

.S<rib\. 6 • 

Soi by b«'K dlininii ilui 70 

Spi eitie 111 a( nt s, 15. 

Sprcidiliii liielal, lol, 

Spi'iiy, 184, 2]3 
Spiegelci'-cn, 5, 31 ^ 

S[H)ljlHtiri.Us aiiio iliMg, 32 
Sluing, 3. 5.5, !i2 
Stand.lid goldj 283 
no lliiig of, 2>'l 
sdvt'i, casting ot, 25. 

Inpi.ilion of. 275. 
melting ol 276. 
m.d pl.iliss, 27-5. 

.Si ,11 id.lids [mj -vih . 1 eoiiMigc, 272 

bn sil\er pi.lie, 272, 

Sliiislii-ld, 60. 

Si .ismiio eb'Cl 1 le in i imee, i 7 

■SLaln.iry bimi/i 155. 

•Sl.itUes, Cioilpitsll I'lll ol smiie eeli 
biated, 1''0. 

Stead, 63, 67. 312. 

Sleurose .pic mn iii-ei'p'-s 79. 

Stoiliiig silvo), 2/3. 

rimnulactuiv ol, in Aiio-iiea, 277 
>tei lu-rnetal, 185. 

Stilling, 201. 

Studarl, 5.5 

Strength of aliiniiimiin at high teni 

jieiatiiie', 119 

of Copjiei at high leinpci .Lnies, 123. 
Suhhnialinn, [nep u at ion uf alloys bv. 
3. 

Sulphur in steel, 2!'5 
111 cast nor* 311. 

Stdphuiic acid, coriofi-iii o| alloys bv, 
136 

i Surface of fusibdity, 105 

i SiiifiiBion, 85 

! Systematic exaniirTJition of miero- 
i sections, 68. 

I 

Tandem metal, 254, 

I Tantiron, 807. 
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Tftniac, 322, 

Temiiuratiiro, iiifiViiv'i* of, on iiHovh, 

m. 

Temjienng, 36. 

Tri'Ufiry uTloys, coiiBtitntion of, 105. 

Thonniil coniluotivity of alloys, 45. 
treatment, iiiH iJiiDco of, on alloys, 33. 
on steel, 36, 
on steel CHStiiig,', 112. 

Tliermit reduction manufacture ol 
alloys by, 5 

Thermo-elect, 111 - [tow-o nfalloy.s bl. 
pyroiiielem. 81'. 

Tliurstuu, 241. 

Tilting furiiacos, cuke tiivd, y, 
gas tiled, 10. 
oil liml, 12. 

Tin, allotropi', change*- ni. IIS 
ainalg.uii, i-il!' 

•aiitiiiiony alluVN, >37 
inllueiic- of, "ii cnpin-r, llo 
on h)iis«. 1 83. 
on plii'.sjduu I'oppi-i, 11,'> 

•lead ulhiys, 234. 

Ttiisuiitlis' solder, 235. 

Tobin bron7,o, 256. 

Tool steels, 3U(i, 

Trial plates, 275 

Triple nlloys, 106 

Tioosiito, 2!'2 


TungsUn steels, 306. 

Turner, 46. 

and Murmy, 269. 

Twinning of mebalUc cryaUls, 94 
Type metal, 236, 

Types of cooling rurvoa, 84. 

Vas'APtijM bron/o, 216. 

.steel, 308 
* Van’t Holf, 94. 

Vestaliii, !122. 

Viiginia silver, 218, 

Wkbb, 120. 

Wedding, 63. 

Weis--Knpfer, 218. 

Wliife bra^s, Pal sons’, 256. 

copj)oi, 218. 

Willows, 62. 

Wiililer, 261. 

YAimow, Messis, ik Co, 264. 

Zm.sH, photomicrografibic aj'paiatue, 
72. 

/(■nglielis, 156 

Zinc, atlotiopie ehaiigos ui, 118, 
•alumtnmni alloys, 267. 

Zisinm, 258. 

Zi-»kou, 258 
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OrysUllito Structiiro. x 1000. 

No. 2. 









Aluminiam-f'obalt Alloy coiitAining 10 per cent. Cobalt, showing Idiomorplnc 
Crystal of the Compound AlgCo. x 1000. 

TJn r. 




















1000 


l‘Iiov{)lii(k‘ Kutcclic III (Ih-y Iioii. x 
No. H. 



Ciun-Hi^Uil coiita*mng 12 jht cent, of Tin, s]<)wly cooleil. x 100. 
















(iuiMiK'tal containing 12 ['crceiit. ofTiii, ijtiickly cooled, x 100. 
No. 10. 



SnCu^ Constituent in Gun-metal containing 12 jkt cent, of'l'in. 

Heat tinted, x 1000. ’ 















Muntz MfUl, rolled. xlOO. 
No. 13. 

















Cast Phosphor-bronze containing 10 j)er cent, of Tin and 1 ‘5 per, 
cent, of Pliosphorus. x 100. 

No. 15. 




















Cast Plio^)<ior-broii7j‘coiUiiiniii*' r:' pi'i cent I'lm^yiliorus. Hoat-tiiitcii 
Tho <lnrK.coiistitiu'iit is Iht* pliospliiilc. x lOdO. 









kiitrclic r.f tlip tw.) C<)iii|),iii[|(ls Sit('ii^ .iml CuiT 



I’liosphor-hronzecoTitainiiig Lead, unetched. xlOO. ’ 
No. 19. 











Mangaiiese-hronze, rolled, x 100. 
No. 21. 












“ Imniadimii I.” |{tonz('. x lOl). 
No. 23. 







“ Immadium II.” Bron7e. x 100. 
No. 25. 
















“ Iiiuiiadiuiii II.” Ili'onzc. x 1000. 
No. 26. 



Alumiiuuiu liroiize co'dainiiij' 7'5 por cent, of Alunip luin. Cifs.. x 
No. 27. 


10. 















Ainffifiiiuiti-liri fizc coiituitiiii<; 7 jicr cent, of Ahnnniinin. Sjitih' 
No 1'.'^ aft'T Annealing •-< 10, 










Aluminium-bronze containing 7'5 |>er cent, of Aluniinium. Same as No. 80, 

















Alui^iium-bron7,V“ coiitaming 10 per cent, of Alumimum, showinj^ 
the $ Constituent, x 1000 * 










Tni-copper-antimoiiy Bearing Metal. x50. 
No. 36. 




















Miiif'iiiK’sc .Sul|tln<lo uinl Silicate accm'rin;f to^jetlior in Steel, x 1000. 
No. 38. 



Mild Steel, imetched, showing Sulphide of Manganese (the hgliter constituent) 
. and Silicate of Iron, x ICOO. '• 

No. 39 







<Ji'!i|iliitr III (ln-y Iimi. X IDO 
No. 40. 






































Sann' ,i'< Xo. It) liiit willi 0'08 pi'f cent. Aim'IHi', sluiwinj; (/o.ilrsc'riif’i* <jI ()iiji|>rt 
' Kii]i.- I’jii licit'". Ill till' Hiitt'clic. X loO 



Same as No. 51, showing Coalescence of Copper Oxide P.irlicleH at Higher 
Magmtication. x 1000. 

No; 62. 













Copper Firebox Plate, x 1(0. 
No. 54. 















1000 . 


(loi'i'fi Oxiilt' III II Kiifhox IMiiti'. X 

No .^>5. 










Cast Steel same as No. 56 butafU*! jiiuit'.ihng^sluwv^ct {''oktethidassca of 
Manff»u6he.Sul’.)liid(“ rpiilacing Network of Silico-salpliide, x 100. 
















No :.9 



























